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TECHNICAL ASSISTANCE 


Harris Marketing Support Services (HMSS) 

HMSS provides world-class service to customers requiring information on all products offered by Harris 
Semiconductor. Ask Harris Marketing Support Services for answers concerning; 

• Product Identification • Distributor Stocking Levels 

• Availability • Requests for Literature and Samples 

• Competitive and Obsolete Cross-Reference 

HMSS services are available from 8:00am to 8:00pm EST. Within the United States, call 1-800-4HARRIS. 
Callers from outside the United States, dial (407) 727-9207. 

HMSS is the Initial contact for customers who need technical assistance with the selection and use of 
our products. Callers have the option to be connected directly to the Central Applications Group. 

Central Applications 

Ask our experienced staff of engineers for assistance with: 

• Device Selection 

• Specification Interpretation 

• Applications for Any Harris Product 

Central Applications serves you Monday through Thursday 8:00am to 7:00pm and Friday 8:00am to 
5:00pm EST. Within the United States, call 1-800-4HARRIS. Callers from outside the United States dial 
(407) 727-9207. 

Central Applications’ knowledge of our portfolio can provide you with a total system design solution 
using the latest Harris devices! 


Electronic Technical Support 

Electronic services from Harris Semiconductor offer you the most current information possible. 



http://www.semi.harris.com 

• Latest Literature Revisions 

• New Product Listing 

• Product Information 

• Design Support 

• Contact Information 

(407) 724-7800 

• Latest Literature Revisions 

• New Product Listing 

• Data Book Request Form 
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^ EMAIL 


centapp@harris.com, or 1-800-4HARRIS 

• Technical Application Assistance 


See our 
specs in 


CAPS 
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HARRIS COMMUNICATIONS PRODUCTS 


As one millennium comes to a close and a new one approaches, a revolution is upon us. The telecommunications 
industry is experiencing rapid social and regulatory change throughout the world. Fueled by advancing technology, 
the upsurge of change Is gaining momentum. Consumers now have access to technology that less than a decade 
ago only the military could afford. From Internet access to personal communications systems, consumers are 
demanding higher data rates and more bandwidth at lower costs. To address these needs Harris Semiconductor is 
developing highly integrated chip set solutions targeted for the communications market. 

This book is organized to help the reader quickly find solutions for their particular needs and applications. Section 1 
contains a listing of new products and Section 2 contains the table of contents and general information. Section 3 Is 
dedicated to wireless communications products. In Section 3, you will find highly integrated solutions for 
applications such as wireless LAN and wireless local loop systems. Section 4 is dedicated to wired 
communications products. Here you will find integrated solutions for applications such as ISDN modems, cable 
telephony, wireless local loop, PABX, and key telephone systems. 

Section 5, our Standard Products Section, contains a broad range of communications products including Data 
Acquisition, Digital Signal Processing, Linear and Power Products. The breadth of this product line is so large only 
the first page of each data sheet is included in this section. Complete data sheets for Standard Products can be 
obtained from our Internet web site, http://www.harris.com/, AnswerFax, the Harris Fulfillment Center, or your 
local sales office or authorized distributor. (See Section 10). 

Section 6 contains a listing of Development Tools including SPICE models, evaluation boards, macromodels, etc. 
Complete information about these tools is available from any of the above referenced sources. Section 7 is our 
application note section where we have reprinted in full a selection of our more popular application notes and tech briefs. 

Section 8 contains information about Harris’ world class Quality and Reliability Program. Section 9 Is where you will 
find packaging information on the products contained herein. Section 10 contains Information on how to use Harris’ 
on-line services to obtain data sheets and application notes. And last but not least. Section 11 contains a listing of 
our world wide sales offices. 

For complete, current and detailed technical specifications on any Harris devices, please contact the nearest Harris 
sales, representative or distributor office, listed in Section 11; or direct literature requests to: 

Harris Semiconductor Data Services Department 
P.O. Box 883, MS 53-204 
Melbourne, FL 32902 
Phone: 1-800-442-7747 
Fax: 407-724-7240 

This catalog Is an invaluable reference for engineers and technicians in the communications field. Please contact 
your local sales office listed In Section 11 for further assistance. 

For a complete listing of ail Harris Semiconductor products, please refer to the Product Selection Guide (PSG201; 
ordering Information above). 


All Harris Semiconductor products are manufactured, assembled and tested under IS09000 quality systems certification. 


Harris Semiconductor products are soid by description oniy. Harris Semiconductor reserves the right to make changes in circuit design and/ 
or specifications at any time without notice. Accordingiy, the reader is cautioned to verify that data sheets are current before piecing orders, 
information furnished by Harris is beiieved to be accurate and reiiabie. However, no responsibiiity is assumed by Ham's or its subsidiaries for 
its use; nor for any infringements of patents or other rights of third parties which may resuit from its use. No iicense is granted by impiication 
or otherwise under any patent or patent rights of Harris or its subsidiaries. 
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COMMUNICATION 



NEW PRODUCTS 


PART NUMBER 

DESCRIPTION 

AnswerFAXSM 
DOCUMENT NO. 

WIRELESS, Section 3 

PRISM^M Full Duplex Radio Front End 

Chip Set 

For Voice and Data 

4238 

WIRED, Section 4 

HC5515 

SLIC Subscriber Line interface Circuit 

4235 

HC5519 

SLIC Subscriber Line interface Circuit 

4232 

HC5520 

SLIC Subscriber Line Interface Circuit 

4148 

HC5523 

SLIC Subscriber Line Interface Circuit 

4144 

HC5526 

SLIC Subscriber Line Interface Circuit 

4151 

DATA ACQUISITION, Section 5 

HI5805 

12-Bit, 5 MSPS A/D Converter 

3984 

HI5808 

12-Bit, 10 MSPS A/D Converter 

4233 

HI5731 

12-Bit, 100 MSPS High Speed D/A Converter 

4070 

HI5741 

14-Bit, 100 MSPS High Speed D/A Converter 

4071 

DIGITAL SIGNAL PROCESSING, Section 5 

HSP60110 

Digital Quadrature Tuner 

3651 

HSP50210 

Digital Costas Loop 

3652 

HSP50214 

Programmable Downconverter 

4266 

HSP50215 (Note) 

Digital Up Converter 


HSP50306 

Digital QPSK Demodulator 

4162 

HSP50307 

Burst QPSK Modulator 

4219 


NOTE: Coming soon. 
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Alpha Numeric Product Index 


PAGE 

CA3045 General Purpose NPN Transistor Array. 5-24 

CA3046 General Purpose NPN Transistor Array. 5-24 

CA3081 General Purpose High Current NPN Transistor Array. 5-25 

CA3082 General Purpose High Current NPN Transistor Array. 5-25 

CA3083 General Purpose High Current NPN Transistor Array. 5-26 

CA3086 General Purpose NPN Transistor Array. 5-27 


m 

CA3096 NPN/PNP Transistor Array. 5-28 

CA3096A NPN/PNP Transistor Array. 5-28 

CA3096C NPN/PNP Transistor Array. 5-28 

CA3127 High Frequency NPN Transistor Array. 5-29 

CA3146 High-Voltage Transistor Array. 5-30 

CA3146A High-Voltage Transistor Array. 5-30 

CA3183 High-Voltage Transistor Array. 5-30 

CA3183A High-Voltage Transistor Array ... 5-30 

CA3227 High-Frequency NPN Transistor Array For Low-Power Applications 

at Frequencies Up to 1.5GHz... 5-31 

CA3246 High-Frequency NPN Transistor Array For Low-Power Applications 

at Frequencies Up to 1.5GHz. 5-31 

CD22100 CMOS 4x4 Crosspoint Switch with Control Memory High-Voltage Type (20V Rating). 4-184 

CD22101 CMOS 4x4x2 Crosspoint Switch with Control Memory. 4-193 

CD22102 CMOS 4x4x2 Crosspoint Switch with Control Memory. 4-193 

CD22103A CMOS HDB3 (High Density Bipolar 3) Transcoder for 2.048/8.448Mb/s 

Transmission Applications. 4-225 

CD22202 5V Low Power DTMF Receiver. 4-245 

CD22203 5V Low Power DTMF Receiver. 4-245 

CD22204 5V Low Power Subscriber DTMF Receiver. 4-251 
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Alpha Numeric Product Index (continued) 


PAGE 

CD22301 Monolithic PCM Repeater. 4-231 

CD22354A CMOS Single-Chip, Full-Feature PCM CODEC. 4-165 

CD22357A CMOS Single-Chip, Full-Feature PCM CODEC. 4-165 

CD22859 Monolithic Silicon COS/MOS Dual-Tone Multifrequency Tone Generator. 4-256 

CD22M3493 12 x 8x1 BiMOS-E Crosspoint Switch. 4-205 

CD22M3494 16x8x1 BiMOS-E Crosspoint Switch. 4-210 

CD74HC22106 QMOS 8x8x1 Crosspoint Switch with Memory Control. 4-216 

CD74HCT22106 QMOS 8x8x1 Crosspoint Switch with Memory Control. 4-216 

CX20201 -1 10-Bit, 160 MBPS Ultra High-Speed D/A Converter. 5-15 

CX20202-1 10-Bit, 160 MBPS Ultra High-Speed D/A Converter. 5-15 

CXD2306 10-Bit, 80 MBPS High Speed, Low Power D/A Converter. 5-14 

CXD231OA 10-Bit, 20 MBPS A/D Converter. 5-17 

HC-5502B SLIC Subscriber Line Interface Circuit. 4-156 

HC-5502B1 SLIC Subscriber Line Interface Circuit. 4-138 

HC-5504B SLIC Subscriber Line Interface Circuit. 4-147 

HC-5504B1 SLIC Subscriber Line Interface Circuit. 4-129 

HC5509A1R3060 SLIC Subscriber Line Interface Circuit. 4-108 

HC-5509B SLIC Subscriber Line Interface Circuit. 4-117 

HC5513 Subscriber Line Interface Circuit.... 4-36 

HC5515 SLIC Subscriber Line Interface Circuit. 4-54 

HC5517 Ringing SLIC Subscriber Line Interface Circuit. 4-13 

HC5519 SLIC Subscriber Line Interface Circuit. 4-33 

HC5520 Subscriber Line Interface Circuit. 4-34 

HC5521 SLIC Subscriber Line Interface Circuit. 4-35 
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Alpha Numeric Product Index (continued) 


PAGE 

HC5523 Subscriber Line Interface Circuit. 4-72 

HC-5524 SLIC Subscriber Line Interface CIrcui. 4-175 

HC5526 Subscriber Line Interface Circuit. 4-90 

HC-55564 Continuously Variable Slope Delta-Modulator (CVSD). 4-261 

HC-5560 PCM Transcoder. 4-236 

HC6094 ADSL Analog Front End Chip.. 4-9 
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HFA1100 850MHz, Low Distortion Current Feedback Operational Amplifier. 5-32 

HFA1102 600MHz Current Feedback Amplifier with Compensation Pin. 5-33 

HFA1110 750MHz Low Distortion Unity Gain, Closed Loop Buffer. 5-34 

HFA1112 850MHz, Low Distortion Programmable Gain Buffer Amplifier. 5-35 

HFA1113 850MHz, Low Distortion, Output Limiting, Programmable Gain, Buffer Amplifier. 5-36 

HFA1114 850MHz Video Cable Driving Buffer. 5-37 

HFA1120 850MHz, Low Distortion Current Feedback Operational Amplifier. 5-32 

HFA1130 850MHz, Output Limiting, Low Distortion Current Feedback Operational Amplifier. 5-38 

HFA3046 Ultra High Frequency Transistor Array. 5-39 

HFA3096 Ultra High Frequency Transistor Array. 5-39 

HFA3101 Gilbert Cell UHF Transistor Array. 5-40 

HFA3102 Dual Long-Tailed Pair Transistor Array. 5-41 

HFA3127 Ultra High Frequency Transistor Array. 5-39 

HFA3128 Ultra High Frequency Transistor Array. 5-39 

HFA3424 2.4GHz - 2.5GHz Low Noise Amplifier.. 3-5 

HFA3524 2.5GHz/600MHz Dual Frequency Synthesizer. 3-9 

HFA3600 Low-Noise Ampllfier/Mixer. 5-42 

HFA3624 2.4GHz RF to IF Converter. 3-24 
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PAGE 

HFA3724 400MHz Quadrature IF Modulator/Demodulator... 3-42 

HFA3925 2.4GHz - 2.5GHz 250mW Power Amplifier . 3-104 

HI20201 10-Bit, 160 MBPS Ultra High-Speed D/A Converter. 5-15 

HI5703 10-Bit, 40 MSPS A/D Converter. 5-16 

HI5710A 10-Bit, 20 MSPS A/D Converter. 5-17 

HI5721 10-Bit, 125 MSPS High Speed D/A Converter. 5-11 

HI5731 12-Bit, High Speed D/A Converter. 5-12 

H15741 14-Bit, High Speed D/A Converter. 5-13 

HI5746 10-Bit, 40 MSP A/D Converter. 5-18 

HI5766 10-Bit, 60 MSPS A/D Converter. 5-19 

HI5780 10-Bit, 80 MSPS High Speed, Low Power D/A Converter. 5-14 

HI5800 12-Bit, 3 MSPS Sampling A/D Converter. 5-20 

HI5804 12-Bit, 5 MSPS A/D Converter. .. 5-21 

HI5805 12-Bit, 5 MSPS A/D Converter. 5-22 

HI5808 12-Bit, 10 MSPS A/D Converter... 5-23 

HI5905 14-Bit, 5 MSPS A/D Converter. 4-11 

HSP3824 Direct Sequence Spread Spectrum Baseband Processor. 3-64 

HSP43124 Serial I/O Filter. 5-43 

HSP43168 Dual FIR Filter. 5-44 

HSP43216 Halfband Filter. 5-45 

HSP43220 Decimating Digital Filter. 5-46 

HSP45102 12-Bit Numerically Controlled Oscillator... 5-47 

HSP45106 16-Bit Numerically Controlled Oscillator. 5-48 

HSP45116 Numerically Controlled Oscillator/Modulator. 5-49 
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HSP45116A Numerically Controlled Oscillator/Modulator. 5-50 

HSP50016 Digital Down Converter. 5-51 

HSP50110 Digital Quadrature Tuner. 5-52 

HSP50210 Digital Costas Loop. 5-53 

HSP50214 Programmable Down Converter.. 5-54 

HSP50306 Digital QPSK Demodulator.. 5-55 
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PRISM^^ 2.4GHz Direct Sequence Spread Spectrum Wireless Transceiver Chip Set. 3-3 

Chip Set 

PRISMTM Full Duplex For Voice and Data.... 3-111 

Radio Front End 

RF1K49086 3.5A, 30V, Avalanche Rated, Dual N-Channel LlttleFETTw 

Enhancement Mode Power MOSFET. 5-57 

RF1K49088 3.5A, 30V, Avalanche Rated, Logic Level, Dual N-Channel LlttleFET^** 

Enhancement Mode Power MOSFET. 5-58 

RF1K49090 3.5A, 12V, Avalanche Rated, Logic Level, Dual N-Channel LlttleFET^*^ 

Enhancement Mode Power MOSFET. 5-59 

RF1K49092 3.5A/2,5A, 12V, Avalanche Rated, Logic Level, Complementary LIttleFET™ 

Enhancement Mode Power MOSFET. . 5-60 

RF1K49093 2.5A, 12V, Avalanche Rated, Logic Level, Dual P-Channel LlttleFET^M 

Enhancement Mode Power MOSFET. 5-61 

RF1K49154 2A, 60V, ESD Rated, Avalanche Rated, Dual N-Channel LlttleFET^^^ 

Enhancement Mode Power MOSFET.. 5-62 

RF1K49156 6.3A, 30V, Avalanche Rated, Logic Level, Single N-Channel LlttleFET^^ 

Enhancement Mode Power MOSFET. 5-63 

RF1K49157 6.3A, 30V, Avalanche Rated, Single N-Channel LlttleFET^M 

Enhancement Mode Power MOSFET.. 5-64 

PRISM^** and LittleFETT^ are trademarks of Harris Corporation. 
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Product Index by Family 


PAGE 

STANDARD PRODUCTS 

Data Acquisition Data Sheets - D/A Converters 

HI5721 10-Bit, 125 MSPS High Speed D/A Converter. 5-11 

HI5731 12-Bit, 100 MSPS High Speed D/A Converter. 5-12 

HI5741 14-Bit, 100 MSPS High Speed D/A Converter. 5-13 

HI5780, CXD2306 10-Blt, 80 MSPS High Speed, Low Power D/A Converter. 5-14 

HI20201, CX20201 -1, 10-Bit, 160 MSPS Ultra High-Speed D/A Converter. 5-15 

CX20202-1 

Data Acquisition Data Sheets - A/D Converters 

HI5703 10-Blt, 40 MSPS /V/D Converter. 5-16 

HI571OA, CXD231OA 10-Bit, 20 MSPS A/D Converter. 5-17 

HI5746 10-Bit, 40 MSPS A/D Converter. 5-18 

HI5766 10-Bit, 60 MSPS A/D Converter. 5-19 

HI5800 12-Blt, 3 MSPS Sampling A/D Converter. 5-20 

HI5804 12-Bit, 5 MSPS A/D Converter. 5-21 

HI5805 12-Bit, 5 MSPS A/D Converter. 5-22 

HI5808 12-Blt, 10 MSPS A/D Converter. 5-23 

Linear Data Sheets 

CA3045, CA3046 General Purpose NPN Transistor Arrays. 5-24 

CA3081, CA3082 General Purpose High Current NPN Transistor Arrays. 5-25 

CA3083 General Purpose High Current NPN Transistor Array. 5-26 

CA3086 General Purpose NPN Transistor Array. 5-27 

CA3096, CA3096A, NPN/PNP Transistor Arrays. 5-28 

CA3096C 

CA3127 High Frequency NPN Transistor Array. 5-29 

CA3146, CA3146A, High-Voltage Transistor Arrays. 5-30 

CA3183, CA3183A 

CA3227, CA3246 High-Frequency NPN Transistor Arrays For Low-Power Applications 

at Frequencies Up to 1,5GHz. 5-31 

HFA1100, HFA1120 850MHz, Low Distortion Current Feedback Operational Amplifiers. 5-32 

HFA1102 600MHz Current Feedback Amplifier with Compensation Pin. 5-33 

HFA1110 750MHz, Low Distortion Unity Gain, Closed Loop Buffer. 5-34 
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HFA1112 850MHz, Low Distortion Programmable Gain Buffer Amplifier... 5-35 

HFA1113 850MHz, Low Distortion, Output Limiting, Programmable Gain, Buffer Amplifier. 5-36 

HFA1114 850MHz Video Cable Driving Buffer. 5-37 

HFA1130 850MHz, Output Limiting, Low Distortion Current Feedback Operational Amplifier. 5-38 

HFA3046, HFA3096, Ultra High Frequency Transistor Arrays. 5-39 

HFA3127, HFA3128 

HFA3101 Gilbert Cell UHF Transistor Array. 5-40 

HFA3102 Dual Long-Tailed Pair Transistor Array. 5-41 
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Digital Signal Processing Data Sheets 

HSP43124 Serial I/O Filter. 5-43 

HSP43168 Dual FI R Filter. 5-44 

HSP43216 Halfband Filter. 5-45 

HSP43220 Decimating Digital Filter. 5-46 

HSP45102 12-Blt Numerically Controlled Oscillator. 5-47 

HSP45106 16-Bit Numerically Controlled Oscillator. 5-48 

HSP45116 Numerically Controlled Oscillator/Modulator. 5-49 

HSP45116A Numerically Controlled Oscillator/Modulator. 5-50 

HSP50016 Digital Down Converter. 5-51 

HSP50110 Digital Quadrature Tuner. 5-52 

HSP50210 Digital Costas Loop. 5-53 

HSP50214 Programmable Downconverter. 5-54 

HSP50306 Digital QPSK Demodulator. 5-55 

HSP50307 Burst QPSK Modulator. 5-56 

Power MOSFET Data Sheets 

RF1K49086 3.5A, 30V, Avalanche Rated, Dual N-Channel LittleFEr^^ 

Enhancement Mode Power MOSFET. 5-57 

RF1K49088 3.5A, 30V, Avalanche Rated, Logic Level, Dual N-Channel LittleFET^M 

Enhancement Mode Power MOSFET. 5-58 

RF1K49090 3.5A, 12V, Avalanche Rated, Logic Level, Dual N-Channel LittleFETTw 

Enhancement Mode Power MOSFET. 5-59 

RF1K49092 3.5A/2.5A, 12V, Avalanche Rated, Logic Level, Complementary LittleFET^^ 

Enhancement Mode Power MOSFET. 5-60 
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RF1K49093 2.5A, 12V, Avalanche Rated, Logic Level, Dual P-Channel LittleFET™ 

Enhancement Mode Power MOSFET. 5-61 

RF1K49154 2A, BOV, ESD Rated, Avalanche Rated, Dual N-Channel LittleFET’^'^ 

Enhancement Mode Power MOSFET... 5-62 

RF1K49156 6.3A, 30V, Avalanche Rated, Logic Level, Single N-Channel LittleFET™ 

Enhancement Mode Power MOSFET. 5-63 

RF1K49157 6.3A, 30V, Avalanche Rated, Single N-Channel LittleFETTw 

Enhancement Mode Power MOSFET. 5-64 

WIRED COMMUNICATIONS 

HC6094 ADSL Analog Front End Chip. 4-9 

HI5905 14-Bit, 5 MSPS A/D Converter. 4-11 

HC5517 Ringing SLIC Subscriber Line Interface Circuit. 4-13 

HC5519 SLIC Subscriber Line Interface Circuit. 4-33 

HC5520 SLIC Subscriber Line Interface Circuit.. 4-34 

HC5521 SLIC Subscriber Line Interface Circuit. 4-35 

HC5513 SLIC Subscriber Line Interface Circuit. 4-36 

HC5515 SLIC Subscriber Line Interface Circuit. 4-54 

HC5523 SLIC Subscriber Line Interface Circuit.. 4-72 

HC5526 SLIC Subscriber Line Interface Circuit. 4-90 

HC5509A1R3060 SLIC Subscriber Line Interface Circuit. 4-108 

HC-5509B SLIC Subscriber Line Interface Circuit. 4-117 

HC-5504B1 SLIC Subscriber Line Interface Circuit. 4-129 

HC-5502B1 SLIC Subscriber Line Interface Circuit. 4-138 

HC-5504B SLIC Subscriber Line Interface Circuit. 4-147 

HC-5502B SLIC Subscriber Line Interface Circuit. 4-156 

CD22354A, CMOS Single-Chip, Full-Feature PCM CODEC. 4-165 

CD22357A 

HC-5524 SLIC Subscriber Line Interface Circuit. 4-175 

CD22100 CMOS 4x4 Crosspoint Switch with Control Memory High-Voltage Type (20V Rating). 4-184 

CD22101, CD22102 CMOS 4x4x2 Crosspoint Switch with Control Memory. 4-193 

CD22M3493 12x8x1 BiMOS-E Crosspoint Switch. 4-205 

CD22M3494 16x8x1 BiMOS-E Crosspoint Switch. 4-210 

CD74HC22106, QMOS 8x8x1 Crosspoint Switches with Memory Control. 4-216 

CD74HCT22106 
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CD22103A CMOS HDB3 (High Density Bipolar 3) Transcoder for 2.048/8.448Mb/s 

Transmission Applications. 4-225 

CD22301 Monolithic PCM Repeater. 4-231 

HC-5560 PCM Transcoder. 4-236 

CD22202, CD22203 5V Low Power DTMF Receiver. 4-245 

CD22204 5V Low Power Subscriber DTMF Receiver. 4-251 

CD22859 Monolithic Silicon COS/MOS Dual-Tone Multifrequency Tone Generator. 4-256 

HC-55564 Continuously Variable Slope Delta-Modulator (CVSD). 4-261 

WIRELESS COMMUNICATIONS 

PRISM™ 2.4GHz Direct Sequence Spread Spectrum Wireless Transceiver Chip Set. 3-3 

Chip Set 

HFA3424 2.4GHz - 2.5GHz Low Noise Amplifier. 3-5 

HFA3524 2.5GHz/600MHz Dual Frequency Synthesizer. 3-9 

HFA3624 2.4GHz Up/Down Converter. 3-24 

HFA3724 400MHz Quadrature IF Modulator/Demodulator. . 3-42 

HSP3824 Direct Sequence Spread Spectrum Baseband Processor. 3-64 

HFA3925 2.4GHz - 2.5GHz 250mW Power Amplifier. 3-104 

PRISM™ Full Duplex For Voice and Data. 3-111 

Radio Front End 
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Communications Cross-Reference Guide 


COMPETITOR 
PART NUMBER 


COMPETITOR NAME 


HARRIS (NOTE) 

PART NUMBER CROSS TYPE 



Local Technical Support 


NOTE: D = Direct Replacement, E = Functionally Equivalent Pin-for-Pin Replacement. Electrical specification review required, 
H = Harris Recommended Replacement, P = Pin-for-Pin Replacement 
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Communications Cross-Reference Guide 


NOTE: D * Direct Replacement, E = Functionally Equivalent PIn-for-Pin Replacement. Electrical specification review required, 
H * Harris Recommended Replacement, P = Pln-fbr-Pin Replacement 
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Communications Cross-Reference Guide 


COMPETITOR 
PART NUMBER 


COMPETITOR NAME 



NOTE: D = Direct Replacement, E = Functionally Equivalent Pin-for-Pin Replacement. Electrical specification review required, 
H =: Harris Recommended Replacement, P = Pin-for-Pin Replacement 
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Communications Cross-Reference Guide 


COMPETITOR 
PART NUMBER 


COMPETITOR NAME 


COMLINEAR 


HARRIS (NOTE) 

PART NUMBER CROSS TYPE 


HFA1100MJ/883 


CLC446SMD 


CLC449SMD 


COMLINEAR 


COMLINEAR 


COMLINEAR 


COMLINEAR 


COMLINEAR 


COMLINEAR 


COMLINEAR 


COMLINEAR 


COMLINEAR 


COMLINEAR 


COMLINEAR 


COMLINEAR 



BURR-BROWN CORP 


BURR-BROWN CORP 


BURR-BROWN CORP 


BURR-BROWN CORP 


HFA1100MJ/883 


HFA1100MJ/883 


HFA1100MJ/883 


HFA1100MJ/883 


HFA1100MJ/883 


HFA1100MJ/883 


HFA1100MJ/883 


HFA1100MJ/883 


HFA1100MJ/883 


HFA1100MJ/883 


HFA1100MJ/883 


HFA1100MJ/883 


HFA1100MJ/883 


HFA1100MJ/883 


HFA1100MJ/883 


HFA1100MJ/883 



5962-9200401MPX 

COMLINEAR 

5962-9203301MPX 

COMLINEAR 

5962-9203401 MPX 

COMLINEAR 


HFA1100MJ/883 

HFA1100MJ/883 


HFA1100MJ/883 


5962-9459301 MPA 

ANALOG DEVICES 

HFA1100MJ/883 

P 


AD9621AQ 

ANALOG DEVICES 

HFA1100IJ 

H 

Better Specs, VFB vs CFB 

AD9622AQ 

ANALOG DEVICES 

HFA1100IJ 

H 

Better Specs, VFB vs CFB 

AD9623AQ 

ANALOG DEVICES 

HFA1100IJ 

H 

Higher Speed, VFB vs CFB 

AD9624AQ 

ANALOG DEVICES 

HFA1100U 

H 

Higher Speed, VFB vs CFB 

CLC401AIB 

COMLINEAR 

HFA1100IJ 

H 

Better Performance 

CLC402AIB 

COMLINEAR 

HFA1100IJ 

H 

Better Performance 

CLC404AIB 

COMLINEAR 

HFA1100IJ 

H 

Better Performance 

CLC406AIB 

COMLINEAR 

HFA1100IJ 

H 

Better Performance 


NOTE: D = Direct Replacement, E s Functionally Equivalent Pin-fbr-Pin Replacement. Electrical specification review required, 
H = Harris Recommended Replacement, P = Pin-fbr-Pin Replacement 























































































































Communications Cross-Reference Guide 


COMPETITOR 
PART NUMBER 


COMPETITOR NAME 



5962-9200401MPX 


5962-9203301MPX 


5962-9203401 MPX 


5962-9459301 MPA 


COMLINEAR 


ANALOG DEVICES 


NOTE: D = Direct Replacement, E = Functionally Equivalent Pin-for-Pin Replacement. Electrical specification review required, 
H = Harris Recommended Replacement, P = Pin-for-Pin Replacement 
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Communications Cross-Reference Guide 



NOTE: D - Direct Replacement, E = Functionally Equivalent PIn-for-Pin Replacement. Electrical specification review required, 
H = Harris Recommended Replacement, P = PIn-for-Pin Replacement 
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Communications Cross-Reference Guide 


COMPETITOR 
PART NUMBER 


5962-9203401MPX 


5962-9459301 MPA 


COMPETITOR NAME 


COMLINEAR 


PART NUMBER CROSS TYPE 



Better AC Specs, Lower Power 


Better AC Specs, Lower Power 


NOTE: D = Direct Replacement, E = Functionally Equivalent Pin-for-Pin Replacement. Electrical specification review required, 
H = Harris Recommended Replacement, P = PIn-for-Pin Replacement 
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Communications Cross-Reference Guide 


COMPETITOR 

PART NUMBER 

COMPETITOR NAME 

HARRIS 

PART NUMBER 

AD9630AR 

ANALOG DEVICES 

HFA1110IB 

CLC109AJE 

COMLINEAR 

HFA1110IB 

CLC111AJE 

COMLINEAR 

HFA1110IB 

EL2072CS 

ELANTEC 

HFA1110IB 

MAX405CSA 

MAXIM 

HFA1110IB 

MAX405ESA 

MAXIM 

HFA11101B 

CLC501A8B 

COMLINEAR 

HFA1130MJ/883 

CLC502A8B 

COMLINEAR 

HFA1130MJ/883 

CLC501AID 

COMLINEAR 

HFA1130MJ/883 

CLC501AJP 

COMLINEAR 

HFA1130MJ/883 

CLC501AMD 

COMLINEAR 

HFA1130MJ/883 

CLC501A8D 

COMLINEAR 

HFA1130MJ/883 

CLC502AID 

COMLINEAR 

HFA1130MJ/883 

CLC502AJP 

COMLINEAR 

HFA1130MJ/883 

CLC502A8D 

COMLINEAR 

HFA1130MJ/883 

5962>8997401PX 

COMLINEAR 

HFA1130MJ/883 

5962-9174301MPX 

COMLINEAR 

HFA1130MJ/883 

CLC501AIB 

COMLINEAR 

HFA1130IJ 

CLC502AIB 

COMLINEAR 

HFA1130IJ 

CLC501AID 

COMLINEAR 

HFA1130IJ 

CLC501AJP 

COMLINEAR 

HFA1130IJ 

CLC501AMD 

COMLINEAR 

HFA1130IJ 

CLC501A8D 

COMLINEAR 

HFA1130IJ 

CLC502AID 

COMLINEAR 

HFA1130IJ 

CLC502AJP 

COMLINEAR 

HFA1130IJ 

CLC502A8D 

COMLINEAR 

HFA11301J 

5962-8997401PX 

COMLINEAR 

HFA1130IJ 

5962-9174301 MPX 

COMLINEAR 

HFA1130IJ 

CLC501AJP 

COMLINEAR 

HFA1130IP 


COMMENTS 

Performance 

Better AC and Video Specs 

Better Video Specs 

Better Performance 

Better AC Specs, Lower Power 

Better AC Specs, Lower Power 

Better Performance 

Better Performance 



Better Performance 
Better Performance 



NOTE: D = Direct Replacement, E = Functionally Equivalent Pin-for-Pin Replacement. Electrical specification review required, 
H = Harris Recommended Replacement, P = PIn-for-Pin Replacement 
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MMSF5N02HD 


MMSF5N03HD 


MMDF3N03HD 


MMDF3N02HD 


MMSF6N01HD 


MMDF4N01HD 


MMDF2P01HD 


The Harris RF1K49157 has a 25% 
lower (better) rDS(ON) a 50% 
higher (better) breakdown voltage. 


The Harris RF1K49157 has a 25% 
lower (better) rDS(ON)- 


The Harris RF1K49086 has a 15% 
lower (better) rDS(ON)- 


The Harris RF1K49086 has a 30% 
lower (better) rDS(ON) ^^d a 50% 
higher (better) breakdown voltage. 


The RF1K49157 has a 150% (higher) 
breakdown voltage. 


The Harris RF1K49093 has a 30% 
lower (better) rDS(ON)' 


The Harris RF1K49092 has a 30% 
lower (better) rDS(ON) for fo® P-chan- 
nel MOS and a 40% lower (better) 
rDS(ON) for fo® N-channel MOS. 


The Harris RF1K49154 has a 20% 
higher (better) breakdown voltage. 


NOTE: D » Direct Replacement, E * Functionally Equivalent Pln-fbr-Pin Replacement. Electrical specification review required, 
H a Harris Recommended Replacement, P = PIn-for-PIn Replacement 
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Communications Cross-Reference Guide 


COMPETITOR 

PART NUMBER 

COMPETITOR NAME 

HARRIS 

PART NUMBER 

(NOTE) 

CROSS TYPE 

COMMENTS 

IRF7201 

INTL RECTIFIER 

RF1K49157 

D 


NDS9410 

NATIONAL SEMI 

RF1K49157 

D 


NDS9945 

NATIONAL SEMI 

RF1K49154 

D 


NDS9955 

NATIONAL SEMI 

RF1K49154 

E 

The Harris RF1K49154 has a 20% 
higher (better) breakdown voltage. 

SI9410DY 

SILICONIX 

RF1K49157 

D 


SI9925DY 

SILICONIX 

RF1K49090 

E 

The Harris RF1K49090 has a 40% 
lower (not as good as) breakdown 
voltage. 

RF1K49088 

E 

The RF1K49088 has a 50% higher 
(better) breakdown voltage and a 

20% higher (not as good as) rDS(ON)- 

SI9928DY 

SILICONIX 

RF1K49092 

E 

The Harris RF1K49092 has a 40% 
lower (not as good as) breakdown 
voltage. 

SI9933DY 

SILICONIX 

RF1K49093 

E 

The Harris RF1K49093 has a 40% 
lower (not as good as) breakdown 
voltage and a 20% higher (not as 
good as) rpspN)- 

SI9936DY 

SILICONIX 

RF1K49086 

E 

The RF1K49086 has a 20% higher 
(not as good as) rDS(ON)- 

SI9945DY 

SILICONIX ! 

RF1K49154 

D 


SI9955DY 

SILICONIX 

RF1K49154 

E 

The Harris RF1K49154 has a 20% 
higher (better) breakdown voltage. 


NOTE: D = Direct Replacement, E = Functionally Equivalent Pin-fbr-Pin Replacement. Electrical specification review required, 
H =s Harris Recommended Replacement, P = PIn-for-Pin Replacement 
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WtRELESS COMMUNICATIONS 


Wireless Communications Selection Guide . 3-2 

Wireless Communications Data Sheets 

PRISM^^ 2.4GHz Direct Sequence Spread Spectrum Wireless Transcelver Chip Set. 3-3 


HFA3424 2.4GHz - 2.5GHz Low Noise Amplifier. 3-5 

HFA3524 2.5GHz/600MHz Dual Frequency Synthesizer. 3-9 

HFA3624 2.4GHz Up/Down Converter. 3-24 

HFA3724 400MHz Quadrature IF Modulator/Demodulator. 3-42 

HSP3824 Direct Sequence Spread Spectrum Baseband Processor. 3-64 

HFA3925 2.4GHz - 2.5GHz 250mW Power Amplifier. 3-104 

PRISMTM Full Duplex For Voice and Data. 3-111 

Radio Front End 


AN9640 “Glossary of Communication Terms*' (32 pages) Is not included in this data book, but is available on the net at 
http://www.8emi.harris.com/appnotes/an96W and Harris AnswerFAX (407-724-7800) document # 99640. 
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Wireless Communications Selection Guide 


WIRELESS BUILDING BLOCKS 


PART 

NUMBER 

FUNCTION 

FEATURES 

PACKAGE 

AnswerFAX 

DOCUMENT 

NUMBER 

HFA3424 

2.4GHz Low Noise Amplifier 

14dB Gain, 1.9dB Noise Figure 

SOIC, T&R 

4131 

HFA3524 

2.5GH2/600MHZ Dual Synthesizer 

Dual Modulus Prescaler 32/33 or 

64/65 

TSSOP, T&R 

4062 

HFA3624 

2.4GHz Up/Down Converter 

10MHz to 400MHz IF Range 

SSOP,T&R 

4066 

HFA3724 

400MHz Quadrature IF 
Modulator/Demodulator 

84dB gain, Programmable Low Pass 
Filter 

TQFP, T&R 

4067 

HSP3824 

Direct Sequence Spread Spectrum 
Baseband Processor 

16-Bit PN Code, 12dB Processing 

Gain, Data Rate up to 4 MBPS 

TQFP, T&R 

4064 

HFA3925 

2.4GHz RF Power Amplifier 

P(1dB): +24dBm, Integrated T/R 

Switch 

SSOP, T&R 

4132 










































SEMICONDUCTOR 


October 1996 


PRISM™ 
2.4GHz Chip Set 

Direct Sequence Spread Spectrum 
Wireless Transceiver Chip Set 


Features 

• Provides Antenna-to-Bits^^ Data Stream 

• Low Voltage Operation from 2.7V to 5.5V 

• 2.4GHz - 2.5GHz ISM Band Operation 

• Single Heterodyne Conversion 

• Programmable Antialiasing and Shaping Filters 

• 10MHz to 400MHz IF Operation with RSSi 

• Autonomous Haif Dupiex Direct Sequence Modem 

• Seiectabie DBPSK, DQPSK Signaiiing 

• Antenna Diversity Seiection 

• Direct Sequence Physicai Layer (DS-PHY) 

• Differential Data Encoding/Decoding 

• Programmable 16-Bit PN Code 

• Data Rates up to 4 MBPS DQPSK 

• Power Management Controi 

• Low Profiie PCMCiA-Compatibie Surface Mount 
Packaging 

Applications 

• Systems Targeting iEEE 802.11 Standard 

• PCMCIA Wireless Transceiver 

• WLAN RF Modems 

• TDMA Packet Protocoi Radios 

• Part 15 Compiiant Radio Links 


Description 

\ The Harris 2.4GHz PRISM^» chip 
^S/SOSBBWKi) I set is a highly integrated five-chip 
' wj solution for RF modems employing 
^ Direct Sequence Spread Spectrum 
(DSSS) signaling. Significant integration of transmit and receive 
functions employ the following ICs: complete integrated DSSS 
engine, the HSP3824; a quadrature modulator/demodulator, 
integrated with an IF limiter amplifier with RSSI, the HFA3724; 
a combined LNA/Mixer and upconverter/preampllfier, the 
HFA3624; a high performance, low noise amplifier for increased 
receiver sensitivity, the HFA3424; a dual synthesizer, the 
HFA3524 and a monolithic RF power amplifier, the HFA3925. 
Each of the functions may be us^ individually or in any combi¬ 
nation in support of a variety of RF modem applications. 

The PRISM^^ chip set is intended to support various data 
rates including systems targeting the proposed IEEE 802.11 
standard “Direct Sequence Physical layer (DS-PHY)”. Differ¬ 
ential BPSK and QPSK signaling is employed with differen¬ 
tial encoding and decoding of packetized data. A PN 
sequence rate of up to 22 MCPS is supported for up to a 16 
chip PN code, integrated programmable low pass filters are 
used on the HFA3724 to allow chip rates from 2.75 MCPS to 
22 MCPS. A flexible general purpose data and control inter¬ 
face is provided for parameter configuration and for transfer¬ 
ring data packets between the PHY and Media Access 
Control (MAC) layers. Data rates of up to 2 MBPS for 
DBPSK and 4 MBPS for DQPSK are supported. 



CAUTION: These devices are sensitive to eiectrostatic discharge. Users should follow proper 1C Handling Procedures. 
Copyright © Harris Corporation 1996 „ « 
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PRISM^" 2.4GHz Chip Set 


Typical 802,11DS-PHY System Level Performance (Note 5) (Measured at a diversity antenna port) 


Receiver 

• Frequency Range.2.4GHz - 2.4835GHz 

• Step Size.1 MHz 

• Cascaded Noise Figure.6.8dB 

• Sensitivity.-93dBm, 1 MBPS, 8E-2 FER (Note 1) 

-90dBm, 2 MBPS, 8E-2 FER (Note 1) 

• Input Intercept Point. -17dBm 

• IF Frequency. 280MHz 

• IF Bandwidth.17MHz 

• Image Rejection.80dB 

• Adjacent Channel Rejection. >35dB 

• Supply Voltage.2.7V - 5.5V 


Transmitter 

• Frequency Range.2.4GHz - 2.4835GHz 

• Step Size. 1MHz 

• Output Power.+18dBm 

• Spurious Outputs.Targeting ISM/802.11 

• Transmit Spectral Mask.-32dBr at First Side-Lobe 

• IF Frequency.280MHz 

• Supply Voltage..2.7V-5.5V 

General Specifications 

• Targeted Standard.IEEE 802.11 

• Data Rate.1 MBPS DBPSK 

2 MBPS DQPSK 

• Range.400ft Indoor (Note 2) 

3700ft Outdoor (Note 2) 

• RX/TX Switching Speed.2|is 

• Standby Current 

- Mode 1: 240mA at 1 ps Recovery (Notes 3, 4) 

- Mode 2: 58mA at 25ps Recovery (Notes 3, 4) 

- Mode 3: 47mA at 2ms Recovery (Notes 3, 4) 

- Mode 4; 33mA at 25ms Recovery (Notes 3, 4) 

• Active Mode Current.304mA 


1. FER * Frame Error Rate or Packet Error Rate. 

2. Range Test using AND-C-107 omnidirectional antenna. 

3. Supply current includes AM79C930 MAC Processor. 

4. Recovery time is for the PRISM^** 2.4GHz Chip Set only and does not include programming latency Of the AM79C930 MAC Processor. 

5. Refer to Application Note AN9624 for more Information on the “PRISM™ DSSS PC Card Wireless LAN Description”. 
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HFA3424 


January 1997 


2.4GHz - 2.5GHz 
Low Noise Amplifier 


Features 

• Low Noise Figure.1.90dB 

• High Gain.14dB 

• Low Power Consumption.3V to 5V, 5mA 

• High Dynamic Range 

• DC Decoupled RF Input and Output 

• No External RF Tuning Elements Necessary 

• Low Cost SOIC 8 Lead Plastic Package 

Applications 

• Systems Targeting IEEE 802.11 Standard 

• TDD Quadrature-Modulated Communication 
Systems 

• Wireless Local Area Networks 

• PCMCIA Wireless Transceivers 

• iSM Systems 

• TDMA Packet Protocol Radios 

• PCS/Wireless PBX 

• Wireless Local Loop 

Ordering Information 

TEMP PKG. 

PART NUMBER RANGE (°C) PACKAGE NO. 


Description 

|gH|l|MHMm The Harris 2.4GHz PRISM^*^ 
I ^ highly integrated 

j five-chip solution for RF 

/ modems employing Direct 

Sequence Spread Spectrum (DSSS) signaling. The HFA3424 
2.4GHz - 2.5GHz low noise amplifier is an optional chip that 
can be added to the five chips in the PRISM^^ chip set. The 
HFA3424 offers increased sensitivity for systems targeting 
802.11 specifications. (See Figure 1, the Typical Application 
Diagram.) 

The Harris HFA3424 PRISM^'^ is a high performance low 
noise amplifier in a low cost SOIC 8 lead surface mount 
plastic package. The HFA3424 employs a fully monolithic 
design which eliminates the need for external tuning 
networks. It can be biased using 3V or 5V supplies and has 
an option for biasing at higher currents for increased 
dynamic range. 

The HFA3424 is Ideally suited for use where low noise 
figure, high gain, high dynamic range and low power 
consumption required. Typical applications include receiver 
front ends in the Wireless Local Area Network (WLAN) and 
wireless data collection markets in the 2.4GHz Industrial, 
Scientific and Medical (ISM) band, as well as standard gain 
blocks, buffer amps, driver amps and IF amps in both fixed 
and portable systems. 


HFA3424IB96 


-40 to 85 8 Ld SOIC 

-40 to 85 Tape and Reel 


Pinout 


HFA3424 
(SOIC) 
TOP VIEW 



PRISM^“ and the PRISM™ logo are trademarks of Harris Corporation. 


CAUTiON: These devices are sensitive to electrostatic discharge. Users should follow proper 1C Handling Procedures. 
Copyright © Harris Corporation 1997 « _ 
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HFA3424 



Typical Application Diagram 



FIGURE 1. TYPICAL TRANSCEIVER AMPLIFIER APPLICATIONS CIRCUIT USING THE HFA3424 

NOTE; Required for systems targeting 802.11 specifications. 

For additional information on the PRISM^*^ chip set, call The four-digit file numbers are shown in Typical Application 
(407) 724-7800 to access Harris’ AnswerFAX system. When Diagram, and correspond to the appropriate circuit, 
prompted, key in the four-digit document number (File #) of 
the datasheets you wish to receive. 
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HFA3424 


Absolute Maximum Ratings 


Thermai Information 


Supply Voltage, Vqq.+10Vdc Thermal Resistance (Typical, Note 2) 


Input Power.+17dBm 


SOIC Package. 


0ja(°C/W) 

165 


Supply Current (Note 1).30mA Maximum Storage Temperature Range.-650C to 1 SO^C 

Maximum Lead Temperature (Soldering 10s).300°C 


Operating Conditions (soic • Lead Tips Only) 

Temperature Range.-40°C to 85°C 

CAUTION: Stresses above those listed In “Absolute Maximum Ratings" may cause permanent damage to the device. This Is a stress only rating and operation 
of the device at these or any other conditions above those indicated In the operational sections of this specification Is not implied. 


1. Only If Pin 2 is used to increase current. 

2. Oja is measured with the component mounted on an evaluation PC board In free air. 


Eiectricai Specifications Ta = 25 OC, z© = son, Vdd = +5V, P|n = -oodSm, f * 2.45 GHz, Vbias * Open Circuit 
Unless otherwise Specified 
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GAIN (dB) VSWR 


HFA3424 


Typical Performance Cu/ves (continued) 



FREQUENCY (GHz) 


FIGURE 4. VSWR vs FREQUENCY 




FREQUENCY (GHz) 


FIGURES. INPUTIP 3 vs FREQUENCY 



FREQUENCY (GHz) 


FIGURE 7. NOISE FIGURE vs FREQUENCY 


Typical Application Circuit 


Vbias(P«N2) 


NORMAL BIAS 

EXTENDED BIAS 

Open 

300 To 350 To Ground 


PIN 2 ALLOWS FOR AN EXTERNAL RESISTOR 

Rbb to be used to ground for an optional 

20mA CURRENT OPERATION. RECOMMENDED 
VALUES FOR THE CHIP RESISTOR ARE 300 TO 350. 

RF SIGNAL INPUT 2.4GHz 
(500 TRANSMISSION LINE) 

SEE NOTE 2 

NOTE: 

3. No DC blocking capacitor required on LNA input or output transmission iines. 

FIGURE 8 . REFERENCE APPLICATIONATEST DESIGN SETUP SCHEMATIC: LOW NOISE AMPLIFIER 



+Vdd 

RF SIGNAL OUTPUT 2.4GHz 
(500 TRANSMISSION LINE) 
SEE NOTE 2 
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HFA3524 


January 1997 


2.5GHz/600MHz Dual Frequency Synthesizer 


Features 

• 2.7V to S.5V Operation 

• Low Current Consumption 

• Selectable Powerdown Mode Ice = 

Typical at 3V 

• Dual Modulus Prescaler, 32/33 or 64/65 

• Selectable Charge Pump High Z State Mode 

Applications 

• Systems Targeting IEEE 802.11 Standard 

• PCMCIA Wireless Transceiver 

• Wireiess Locai Area Network Modems 

• TDMA Packet Protocoi Radios 

• Part 15 Compiiant Radio Links 

• Portabie Battery Powered Equipment 


Description 

I The Harris 2.4GHz PRISM™ chip set is a 
witkKiSlUUKfUl I highly integrated five-chip solution for RF 
Vy modems employing Direct Sequence 
Spread Spectrum (DSSS) signaling. The HFA3524 600MHz Dual 
Frequency Synthesizer is one of the five chips in the PRISM^^ chip set 
(see the Typical Application Diagram). 

The HFA3524 is a monolithic, integrated dual frequency synthe¬ 
sizer, including prescaler, is to be used as a local oscillator for RF and 
first IF of a dual conversion transceiver. 

The HFA3524 contains a dual modulus prescaler. A 32/33 or 64/65 
prescaler can be selected for the RF synthesizer and a 8/9 or a 16/17 
prescaler can be selected for the IF synthesizer. Using a digital phase 
locked loop technique, the HFA3524 can generate a very stable, low 
noise signal for the RF and IF local oscillator. Serial data is transferred 
into the HFA3524 via a three wire interface (Data, Enable, Clock). Sup¬ 
ply voltage can range from 2.7V to 5.5V. The HFA3524 features very 
low current consumption of 13mA at 3V. 

Ordering Information 

PART NUMBER TEMP. RANGE (°C) PACKAGE PKG. NO. 

HFA3524IA -40 to 85 20 Ld TSSOP M20.173 

HFA35241A96 -40 to 85 Tape and Reel 



CAUTION: These devices are sensitive to electrostatic discharge. Users shouid foiiow proper 1C Handiing Procedures. 
Copyright © Harris Corporation 1997 « ^ 


File Number 4062.4 


WIRELESS 

COMMUNICATIONS 






















HFA3524 



Typical Application Diagram 



TYPICAL TRANSCEIVER APPLICATION CIRCUIT USING THE HFA3524 

NOTE: Required for systems targeting 802.11 specifications. 

For additional Information on the PRISM^'^ chip set, call The four-digit file numbers are shown in Typical Application 
(407) 724-7800 to access Harris’ AnswerFAX system. When Diagram, and correspond to the appropriate circuit.name a 
prompted, key in the four-digit document number (File #) of 
the datasheets you wish to receive. 
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HFA3524 



DESCRIPTION 


Power supply voltage Input. Input may range from 2.7V to 5.5V. Vcci niust equal Vqq 2 . Bypass 
capacitors should be placed as close as possible to this pin and be connected directly to the 
ground plane. 


Power Supply for RF charge pump. Must be > Vqc- 


Internal charge pump output. For connection to a loop filter for driving the input of an external Vco- 


RF prescaler input. Small signal input from the Vco- 


RF prescaler complimentary input. A bypass capadtor should be placed as close as possible to 
this pin and be connected directly to the ground plane. Capacitor is optional with some loss of sen¬ 
sitivity. 


Oscillator input. The input has a Vqc/ 2 input threshold and can be driven from an external CMOS 
or TTL logic gate. 


Multiplexed output of the RF/IF programmable or reference dividers, RF/IF lock detect signals and 
Fastlock mode. CMOS output (see Programmable Modes). 


High impedance CMOS Clock input. Data for the various counters is clocked in on the rising edge, 
into the 22-bit shift register. 


Binary serial data input. Data entered MSB first. The last two bits are the control bits. High imped¬ 
ance CMOS input. 


Load enable CMOS input. When LE goes HIGH, data stored in the shift registers is loaded into 
one of the 4 appropriate latches (control bit dependent). 


IF prescaler complimentary input. A bypass capacitor should be placed as close as possible to 
this pin and be connected directly to the ground plane. Capacitor is optional with some loss of 
sensitivity. 


IF prescaler input. Small signal input from the Vqq. 


IF charge pump output. For connection to a loop filter for driving the input of an external Vco- 


Power Supply for IF charge pump. Must be >Vcc- 


Power supply voltage Input Input may range from 2.7V to 5.5V. Vcc 2 niust equal Vcci- Bypass 
capacitors should be placed as close as possible to this pin and be connected directly to the 
ground plane. 
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HFA3524 


Absolute Maximum Ratings 

Power Supply Voltage Thermal Resistance (Typical, Note 3) 0ja(°C/W) 

Vcc.-0.3V to +6.5V TSSOP Package. 130 

Vp. .■0.3V to +6.5V Maximum Storage Temperature Range (Ts).-65°C to 150°C 

Voltage on Any Pin with GND = OV (V|).-0.3V to +6.5V Maximum Lead Temperature (Soldering 4s) (TJ.260°C 

(TSSOP - Lead Tips Only) 

Operating Conditions 

Power Supply Voltage 

Vcc.2.7V to 5.5V 

Vp.Vccto+5.5V 

Temperature (T^).-40®C to 85®C 

CAUTION: Stresses above those listed in “Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not impHed. 


Thermal Information 

Thermal Resistance (Typical, Note 3) 
TSSOP Package. 


3. 0JA is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications Vcc = 3.0V, Vp = 3.0V, -40°C < Ta < 85°C, Unless otherwise Specified 


PARAMETER 


Power Supply Current 



RF Input Sensitivity 


IF Input Sensitivity 


Oscillator Sensitivity 


High Level Input Voltage 


Low Level Input Voltage 


High Level Input Current 


Low Level Input Current 


Oscillator Input Current 


Oscillator Input Current 


High Level Output Voltage 


Low Level Output Voltage 


Data to Clock Set Up Time 


Data to Clock Hold Time 


Clock Pulse Width High 


Clock Pulse Width Low 


Clock to Load Enable Set Up Time 


Load Enable Pulse Width 


NOTE: Clock, Data and LE does not Include fiM RF, fiw IF and OSCim. 
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HFA3524 


Charge Pump Specifications Vcc = 3.0V, Vp = 3.0V, -40°C < < 85°C, unless otherwise Specified 


PARAMETER 


Charge Pump Output Current 


Charge Pump High Z State Current 


CP Sink vs Source Mismatch (Note 5) 


CP Current vs Voltage (Note 6) 


CP Current vs Temperature (Note 7) 


TEST CONDITIONS 


bo-souRCE I ^DO = Vp/2, Icpo = HIGH (Note 4) 


bo-siNK I Vdo = Vp/2, lopo = HIGH (Note 4) 


DO-SOURCE I Vdo = Vp/2, Icpo = LOW (Note 4) 


Vdo = Vp/2, Icpo = LOW (Note 4) 


0.5V < Vdo ^ Vp - 0-5, -40°C < T < 85°C 


Vdo = Vp/2, Ta = 25°C 


'DO-SINK VS 

■do-source 


0.5V < Vdo ^ Vp - 0.5, T < 25^0 



4. See Programmable Modes for ICP) description. 

5. Ido vs Vdo = Charge Pump Output Current magnitude variation vs Voltage = 

[1/2•{111 I - II3IM1/2 • (111 U 113!}] • 100% and [1/2 • 1141 - ll6l]/[1/2 • {ll4l -t- Il6l}] • 100%. 

6 - ■do-sink''® I Do-source ” Pump Output Current Sink vs Source Mismatch = [1121 - ll5l]/[1/2 • (1121 -h 1151}] • 100% 

7. Ido vs T^ = Charge Pump Output Current magnitude variation vs Temperature = 

[112 at temp 1 -112 at 25°C 1]/112 at 25°C 1 • 100% and [115 at temp 1 -115 at 25°C I]/! 15 at 250C1 • 100%. 



11 = CP sink current at Vdo = Vp - AV 

12 = CP sink current at Vdo = Vp/2 

13 = CP sink current at Vdo = ^V 


Vp/2 Vp-AV 

Do VOLTAGE 

14 = CP source current at Vdo = Vp - AV 

15 = CP source current at Vdo = Vp/2 

16 = CP source current at Vdo = ^V 


FIGURE 1. CHARGE PUMP CURRENT SPECIFICATION DEFINITIONS 



HP5385A 

FREQUENCY 

COUNTER 



SMHU 835.8011.52 
SIGNAL GENERATOR 


10MHz EXT REF OUT 


FIGURE 2. RF SENSITIVITY TEST BLOCK DIAGRAM 
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VARIATION (%) Do CURRENT (mA) lcc(»nA) 


HFA3524 




Do VOLTAGE (V) 


Do VOLTAGE (V) 


IGURE 5. CHARGE PUMP CURRENT vs Dq VOLTAGE 
Icp = HIGH 


FIGURE 6. CHARGE PUMP CURRENT vs Dq VOLTAGE 
Icp = LOW 



VOLTAGE OFFSET (V) VOLTAGE (V) 


NOTE: See charge pump current specification definitions. 

FIGURE 7. CHARGE PUMP CURRENT VARIATION FIGURE 8. SINK vs SOURCE MISMATCH vs Dq VOLTAGE 
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Typical Performance Curves (Continued) 


Vcc* 2.7V TO 5.5V, ^ 

f,N = 0.5GHz TO 3GH2 \ 


y .V-- 


i 

.A" 


Vcc = 2.7V TO 5.5V, 
flN = 10MHz TO 1000MHz 


'v" \ J 

As V " ' 

/ 'v/\ \ ' 

■ . 

_ ! 


X. 


f.5 


Marker 1 = 1GHz, Real = 101, Imaginary = -144 
Marker 2 = 2GHz, Real = 37, Imaginary = -54 
Marker 3 = 3GHz, Real s= 22, Imaginary = -2 
Marker 4 = 500MHz, Real = 209, Imaginary = -232 

FIGURE 9. RF INPUT IMPEDANCE 


Marker 1 = 100MHz, Real = 589, Imaginary = -209 
Marker 2 = 200MHz, Real = 440, Imaginary * -286 
Marker 3 = 300MHz, Real = 326, Imaginary = -287 
Marker 4 = 500MHz, Real = 202, Imaginary = -234 

FIGURE 10. IF INPUT IMPEDANCE 



1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000 
FREQUENCY (MHz) 


FIGURE 11. RF SENSITIVITY vs FREQUENCY 



200 300 400 500 

FREQUENCY (MHz) 


FIGURE 12. IF INPUT SENSITIVITY vs FREQUENCY 



E 

0.006 S 


FREQUENCY (MHz) 


FIGURE 13. OSCILLATOR INPUT SENSITIVITY vs FREQUENCY 
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(Control bits)[- 


Divide ratio of the reference divider, R 


Program Modes 


15-Bit Programmable Reference Divider Ratio (R Counter) 


DIVIDE R R R R R R R 

RATIO 15 14 13 12 11 10 9 I 8 


NOTES: 

8 . Divide ratios less than 3 are prohibited. 

9. Divide ratio: 3 to 32767. 

10. R1 to R15: These bits select the divide ratio of the programmable reference divider. 

11. Data is shifted in MSB first. 
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Programmable Divide (N Counter) 

The N counter consists of the 7<bit swallow counter (A counter) and the 11-bit programmable counter (B counter). If the Con¬ 
trol Bits are 10 or 11 (10 for IF counter and 11 for RF counter) data Is transferred from the 22-blt shift register Into a 4-bit or 
7-bit latch (which sets the Swallow (A) Counter) and an 11-bit latch (which sets the 11-bit programmable (B) Counter), MSB 
first. Serial data format Is shown below. For the IF N counter bits 5, 6, and 7 are don’t care bits. The RF N counter does not 
have don’t care bits. 


(Control bits)h 


N 

N 

2 

3 


N 

N 

12 

13 


Divide ratio of the programmable divider, N 


N 

N 

15 

16 


N 

N 

18 

19 


• Program-j 


7-Bit Swallow Counter Divide Ratio (A Counter) 
RF 

DIVIDE N N N N N N 

RATIO A 7 6 5 4 3 2 

0 0 0 0 0 0 0 

1 0 0 0 0 0 0 


NOTES; 

12. Divide ratio 0 to 127 

13. B^A 


DIVIDE N 

RATIO A 7 

0 X 

1 X 


X = Don’t care condition 


N N 

6 5 


N N 

3 2 


11 -Bit Programmable Counter Divide Ratio (B Counter) 


DIVIDE NNNNNNNNNNN 
RATIOB 18 17 16 15 14 13 12 11 10 9 8 




Pulse Swallow Function 

Wco = l(P X B) + A] X fosc/R 

fvco- Output frequency of external voltage controlled oscilla¬ 
tor (VCO) 

B: Preset divide ratio of binary 11-bit programmable 

counter (3 to 2047) 

A: Preset divide ratio of binary 7-bit swallow counter 

(0<A<127{RF},0<A^15{IF},A<B) 

fosc- Output frequency of the external reference frequency 
oscillator 

R: Preset divide ratio of binary 15-blt programmable ref¬ 

erence counter (3 to 32767) 

P; Preset modulus of dual modulus prescaler (for IF: P = 
8 or 16; for RF:P = 32or 64) 

Programmable Modes 

Several modes of operation can be programmed with bits 
R16-R19 including the phase detector polarity, charge pump 
High Z State and the output of the Fq/LD pin. The prescaler 
and powerdown modes are selected with bits N19 and N20. 
The programmable modes are shown in Table 1. Truth table 
for the programmable modes and Fq/LD output are shown In 
Table 2 and Table 3. 

TABLE 1. PROGRAMMABLE MODES 


R16 

R17 

R18 

R19 

R20 

IF Phase 

Detector Polarity 

IF Icpo 

IF Do 
HIghZ 

IFLD 

IFFo 

RF Phase 
Detector Polarity 

RF Icpo 

RF Do 
HIghZ 

RF LD 

RFFo 


NOTES: 

14. Divide ratio 3 to 2047 (divide ratios less than 3 are prohibited). 

15. B>A 


N19 


IF Prescaler Powerdown IF 

1 1 RF Prescaler Powerdown RF 
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TABLE 2. MODE SELECT TRUTH TABLE 


OD 


(NOTE 16) 

IF 

RF 

(NOTE 17) 

POLARITY 

Do HIGH Z STATE 

Icpo 

PRESCALER 

PRESCALER 

POWERDOWN 


Negative 

Normal Operation 

Positive 

High Z State 


Powered Up 


Powered Down 


16. The Icpo LOW current state = 1/4 x Icpo HIGH current. 

17. Activation of the iF PLL or RF PLL powerdown modes resuit in the disabiing of the respective N counter divider and debiasing of its re¬ 
spective f|N inputs (to a high impedance state). Powerdown forces the respective charge pump and phase comparator iogic to a High Z 
State condition. The R counter functionality does not become disabled until both IF and RF powerdown bits are activated. The OSCjfg 
pin reverts to a high impedance state when this condition exists. The control register remains active and capable of loading and latching 
in data during all of the powerdown modes. 


RFR[19] 
(RF LD) 


IFR[19] 

(IFLD) 


IF R [20] 

(IFFo) 


TABLE 3. THE Fq/LD (PIN 10) OUTPUT TRUTH TABLE 


RF R [20] 
(RF Fo) 


0 


0 


0 



Fo OUTPUT STATE 


Disabled (Note 18) 


IF Lock Detect (Note 19) 


RF Lock Detect (Note 19) 


RF/IF Lock Detect (Note 19) 


IF Reference Divider Output 


RF Reference Divider Output 


IF Programmable Divider Output 


RF Programmable Divider Output 


Fastlock (Note 20) 


For internal Use Only 


For Internal Use Only 


For Internal Use Only 


Counter Reset (Note 21) 


X = Don’t care condition 

NOTES: 

18. When the FqLD output is disabled, it is actively pulled to a low logic state. 

19. Lock detect output provided to Indicate when the VCO frequency is in “lock”. When the loop Is locked and a lock detect mode is selected, 
the pins output is HIGH, with narrow pulses LOW. In the RF/IF lock detect mode a locked condition is indicated when RF and IF are 
both locked. 

20. The Fastlock mode utilizes the FqLD output pin to switch a second loop filter damping resistor to ground during fastlock operation. Ac¬ 
tivation of Fastlock occurs whenever the RF loop’s Icpo magnitude bit #17 is selected HIGH (while the #19 and #20 mode bits are set 
for Fastlock). 

21. The Counter Reset mode bits R19 and R20 when activated reset all counters. Upon removal of the Reset bits, the N counter resumes 
counting in “close” alignment with the R counter. (The maximum error is one prescaler cycle.) if the Reset bits are activated, the R 
counter is also forced to Reset, allowing smooth acquisition upon powering up. 

Phase Detector Polarity ^ ^ 

^ ( 1 ) 

Depending upon VCO characteristics, R16 bit should be set S 

accordingly, (see Figure 15). o 

• When VCO characteristics are positive like (1), R16 t 

should be set HIGH. § 

• When VCO characteristics are negative like (2), R16 o 

should be set LOW. 8 ^ _ > (^^ 

VCO INPUT VOLTAGE 
FIGURE 15. VCO CHARACTERISTICS 
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NOTES: 

22. Parenthesis data indicates programmable reference divider data. 

23. Data shifted into register on clock rising edge. 

24. Data is shifted in MSB first. 

Test Conditions: The Serial Data Input Timing is tested using a symmetrical waveform around Vqo/ 2. The test waveform has an edge rate of 
0.6V/ns with amplitudes of 2.2V at Vqc = 2.7V and 2.6V at Vqc = 5.5V. 

FIGURE 16. SERIAL DATA INPUT TIMING 



fR > fp fR = fp fR < fp fR < fp fR < fp 


NOTES: 

25. Phase difference detection range: -2n to +27C 

26. The minimum width pump up and pump down current pulses occur at the Dq pin when the loop is locked. 

27. R16 = HIGH. 

FIGURE 17. PHASE COMPARATOR AND INTERNAL CHARGE PUMP CHARACTERISTICS 
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Typical Application Example 


vco I 

KNOTE 28)1 


0.01 nF if: :±ioopF 
Vcc. T 


: C4 R,^ (NOTE 29) 


FROM 

CONTROLLER 


lOOpF:^ I^O.OlpF Vcc Vp Do IF GND | f,N IF TjrIF GND LE | DATA CLOCK 
j[_ j 20 19 18 17 16 15 14 13 12 11 I 


1 2 3 4 5 6 7 


I Rin *' T 

-(NOTE29) '=^ 


Vcc 

Vp 

Vc^ 

x 

1 


lOOpF ij: X .,oopp 

T T o.oipfT T 


CRYSTAL OSCILLATOR 
INPUT 


510 

(NOTE 30) 


VCO 

(NOTE 28) 


NOTES: 

28. VCO is assumed AC coupled. 

29. R|n increases impedance so that VCO output power is provided to the load rather than the PLL. Typical values are 10O to 2000 depend¬ 
ing on the VCO power level. f|N RF impedance ranges from 400 to 1000. f|N IF impedances are higher. 

30. 500 termination is often used on test boards to allow use of external reference oscillator. For most typical products a CMOS clock is used 
and no terminating resistor is required. OSC|n may be AC or DC coupled. AC coupling is recommended because the input circuit provides 
its own bias (see Figure 16). 

31. Proper use of grounds and bypass capacitors is essential to achieve a high level of performance. Crosstalk between pins can be reduced 
by careful board layout. 

32. This is a static sensitive device. It should be handled only at static free work stations. 


3-21 


WIRELESS I 
COMMUNICATIONS 






HFA3S24 


CHARGE 

PUMP 



CRYSTAL 

REFERENCE 


SYNTHESIZER 


FIGURE 20. BASIC CHARGE PUMP PHASE LOCKED LOOP 


Application Information 

A block diagram of the basic phase locked loop is shown in 
Figure 20. 

Loop Gain Equations 

A linear control system model of the phase feedback for a 
PLL in the locked state is shown in Figure 21. The open loop 
gain is the product of the phase comparator gain (Kcj)), the 
VCO gain (Kyco/s), and the loop filter gain Z(s) divided by 
the gain of the feedback counter modulus (N). The passive 
loop filter configuration used is displayed in Figure 22, while 
the complex Impedance of the filter is given in Equation 2. 


r 

H N> H r 


L 

rm— 

ImhmJI 


FIGURE 21. PLL LINEAR MODEL 



Cl *02 
C1+C2 


(EQ. 3A) 


The 3rd order PLL Open Loop Gain can be calculated in 
terms of frequency, co, the filter time constants T1 and T2, 
and the design constants Kvco> N- 


|G(s).H(s)L 


-K(l)» Ky0Q(1 +j(0*T2) ^ 
co^C1 •N(1 +jwT1) 


From Equation 3 we can see that the phase term will be 
dependent on the single pole and zero such that the phase 
margin is determined in Equation 5. 


(|)((D) = tan"\a)*T2)-tan"V 


)*T1) + 180‘' 


FIGURE 22. PASSIVE LOOP FILTER 

Open loop gain = H(s) G(s) = G./Gp 

(EQ. 1) 

= K^Z(s)Kvco/Ns ^ ^ 

Z(S) = -5- S(C2.R2) + 1 -- (EQ 2) 

S (Cl « C2 . R2) + sC 1 + SC2 

The time constants which determine the pole and zero fre¬ 
quencies of the filter transfer function can be defined as: 


A plot of the magnitude and phase of G(s)H(s) for a stable 
loop, is shown in Figure 23 with a solid trace. The parameter 
(|)p shows the amount of phase margin that exists at the point 
the gain drops below zero (the cutoff frequency wp of the 
loop). In a critically damped system, the amount of phase 
margin would be approximately 45 degrees. 

If we were now to redefine the cut off frequency, wp’, as dou¬ 
ble the frequency which gave us our original loop bandwidth, 
wp, the loop response time would be approximately halved. 
Because the filter attenuation at the comparison frequency 
also diminishes, the spurs would have increased by approxi¬ 
mately 6dB. In the proposed Fastlock scheme, the higher 
spur levels and wider loop filter conditions would exist only 
during the initial lock-on phase - just long enough to reap the 
benefits of locking faster. The objective would be to open up 
the loop bandwidth but not introduce any additional compli¬ 
cations or compromises related to our original design crite¬ 
ria. We would ideally like to momentarily shift the curve of 
Figure 23 over to a different cutoff frequency, illustrated by 
the dotted line, without affecting the relative open loop gain 
and phase relationships. To maintain the same gain/phase 
relationship at twice the original cutoff frequency, other 
terms in the gain and phase Equations 4 and 5 will have to 
compensate by the corresponding “1/w” or l/w^” factor. 
Examination of Equations 3 and 5 indicates the damping 
resistor variable R2 could be chosen to compensate the “w” 


T2 = R2 • C2 
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I<G(8) H(8)I 


2G(8)H(8) 


a)p’s2(0p 


% 

# % % 
6p' # % t 


FIGURE 23. OPEN LOOP RESPONSE BODE PLOT 


CRYSTAL 

REFERENCE 



LOOP FILTER 


Cl :tC2 


FIGURE 24. FASTLOCK PLL ARCHITECTURE 


terms for the phase margin. This implies that another resis¬ 
tor of equal value to R2 will need to be switched in parallel 
with R2 during the initial lock period. We must also insure 
that the magnitude of the open loop gain, H(s)G(s) is equal 
to zero at wp’ = 2wp. Kvco» K(j), N, or the net product of these 
terms can be changed by a factor of 4, to counteract the w^ 
term present in the denominator of Equation 3. The K<|) term 
was chosen to complete the transformation because it can 
readily be switched between 1X and 4X values. This is 
accomplished by increasing the charge pump output current 
from 1 mA in the standard mode to 4mA in Fastlock. 

Fastlock Circuit impiementation 

A diagram of the Fastlock scheme as implemented in Harris 
Semiconductors HFA3524 PLL is shown in Figure 24. 
When a new frequency is loaded, and the RF Icpo bit is set 


high, the charge pump circuit receives an input to deliver 
4 times the normal current per unit phase error while an 
open drain NMOS on chip device switches in a second 
R2 resistor element to ground. The user calculates the 
loop filter component values for the normal steady state 
considerations. The device configuration ensures that as 
long as a second identical damping resistor is wired in 
appropriately, the loop will lock faster without any additional 
stability considerations to account for. Once locked on the 
correct frequency, the user can return the PLL to standard 
low noise operation by sending an instruction with the RF 
Icpo bit set low. This transition does not affect the charge on 
the loop filter capacitors and is enacted synchronous with 
the charge pump output. This creates a nearly seamless 
change between Fastlock and standard mode. 
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HFA3624 


January 1997 


Features 

• Complete Receive/Transmit Front End 

• RF Frequency Range.2.4GHz to 2.5GHz 

• IF Operation.10MHz to 400MHz 

• Single Supply Battery Operation. 2.7V to 5.5V 

• Independent Receive/Transmit Power Enable Mode 

Applications 

• Systems Targeting IEEE 802.11 Standard 

• PCMCIA Wireless Transceiver 

• Wireless Local Area Network Modems 

• TDMA Packet Protocol Radios 

• Part 15 Compliant Radio Links 

• Portable Battery Powered Equipment 


2.4GHz Up/Down Converter 


Description 

The Harris 2.4GHz PRISM'^'^ chip 
l set is a highly integrated five- 
J chip solution for RF modems 
^ employing Direct Sequence 
Spread Spectrum (DSSS) signaling. The HFA3624 RF/IF 
converter is one of the five chips in the PRISM’^^ chip set (see 
Figure 1 for the typical application circuit). 

The HFA3624 Up/Down converter is a monolithic bipolar 
device for up/down conversion applications in the 2.4GHz to 
2.5GHz range. Manufactured in the Harris UHF1X process, 
the device consists of a low noise amplifier and down 
conversion mixer in the receive section and an up conversion 
mixer with power preamp in the transmit section. An energy 
saving power enable control feature assures isolation 
between the receive and transmit circuits for time division 
multiplexed systems. The device requires low drive levels from 
the local oscillator and is housed in a small outline 28 lead 
SSOP package ideally suited for PCMCIA card applications. 

Ordering Information 

- PKG. 

PART NUMBER RANGE (®C) PACKAGE NO. 


HFA3624IA 

HFA3624IA96 


ANGE i^C) PACKAGE 
-40 to 85 28 Ld SSOP 

-40 to 85 Tape and Reel 


Pinout 





HFA3624 




(SSOP) 




TOP VIEW 


LNA_BX.Vcc2 I 



^ RX.PE 

GND I 



^ RX_Vcc 

LNA_RX_OUT 



^ RXM.RF 

GND 



^ GND 

LNA_RX^Vcci 1 



^ RXMJF^h 

GND 



^ RXMJF- 

LNA_RXJN 



^ LO_BY 

PRE_TX_OUT 



^ LOJN 

GND 



^ TXMJF- 

PRE_TX_Vcc2 



^ TXMJF+ 

GND 



^ GND 

PRE_TXJN 



TXM_RF 

GND 



«|tx.Vcc 

PRE_TX^Vcci 



lU TX^PE 



CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1C Handling Procedures. 
Copyright © Harris Corporation 1997 ^ 2 ^ 

PRISM™ and the PRISM™ logo are trademarks of Harris Corporation. 


File Number 4066.6 












HFA3624 


HFA3724 
(FILE# 4067) 


TUNE/SELECT 


HSP3824 
(FILE# 4064) 


HFA3424 (NOTE) 
(FILE# 4131) 


liiiMII wii 


HFA3624 
UP/DOWN 
CONVERTER 
(FILE# 4066) 


HFA3925 
(FILE# 4132) 



QUAD IF MODULATOR 


DUAL SYNTHESIZER 


HFA3524 (FILE# 4062) 


DSSS BASEBAND PROCESSOR 


PRISM^ CHIP SET FILE #4063 


NOTE: Required for systems targeting 802.11 specifications. 

FIGURE 1. TYPICAL TRANSCEIVER APPLICATION CIRCUIT USING THE HFA3624 

For additional information on the PRISM^^ chip set, call The four-digit file numbers are shown in Figure 1, and corre- 
(407) 724-7800 to access Harris’ AnswerFAX system. When spend to the appropriate circuit, 
prompted, key in the four-digit document number (File #) of 
the datasheets you wish to receive. 
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Absolute Maximum Ratings 


Thermal Information 


Supply Voltage.-0.3V to +6.0V Thermal Resistance (Typical, Note 1) 


0ja(°C/W) 

Voltage on Any Other Pin.-0.3 to Vqc+ 0.3V 28 Lead Plastic SSOP. 88 

Package Power Dissipation at 70°C 

Operating Conditions 28 Lead Plastic ssop .o.9W 

Supply Voltage Range. ..2.7V to 5.5V Junction Temperature . .. 150°C 

Temperature Range ..-40‘>C s T* s 85<>C Storage Temperature Range.. .-65®C £ T^ s 150°C 

Maximum Lead Temperature (Soldering 10s).300°C 

(SSOP-Lead Tips Only) 

CAUTION: Stresses above those listed In “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those Indicated in the operational sections of this specification Is not implied. 


28 Lead Plastic SSOP. 88 

Package Power Dissipation at 70°C 
28 Lead Plastic SSOP.0.9W 


1. Oja is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications Vcc ^ +2.7V, lo = 2i 70 MHz. if = 280 MHz. rf = 2450MHz, z© = son, 
Unless Otherwise Specified 


ALL GRADES 

SYMBOL TEMP (®C) MIN 


LO INPUT CHARACTERISTICS (LO_IN = 2170MHz/-3dBm, RSlo = 500, tested in both RX and TX modes, all unused inputs and 
outputs are terminated into 50Q) 


LO Input Frequency Range 



LO Input Drive Level 


LO Input VSWR 


RECEIVE LNA CHARACTERISTICS (LNA.RXJN * 2450MHz/-25dBm, RS * RL = 500, Receive Mode) 


Receive LNA Frequency Range 


LNA Noise Figure 


LNA Power Gain 


LNA Reverse Isolation (Source = 2450MHz/-25dBm) 


LNA Output 3rd Order Intercept 

(LNA_RXJN = 2449.9MHz, 2450.1MHz / -35dBm) 


LNA Output IdB Compression 


LNA Input VSWR 


LNA Input Return Loss 


LNA Output VSWR 


LNA Output Return Loss 


RECEIVE MIXER CHARACTERISTICS (LO_IN = 2170MHz/-3dBm, RXM_RF = 2450MHz/-25dBm, RSlo = 500, RSrf * 500, 

RL|f = 500 with external matching network (Note 2), Receive Mode) 


Mixer RF Frequency Range 


Mixer IF Frequency Range 


SSB Noise Figure (Note 3) 


Mixer Power Conversion Gain (Note 2) 


Mixer IF Output 3rd Order Intercept 
(RXM_RF = 2449.9MHz, 2450.1 MHz/-30dBm) 




Mixer IF Output IdB Compression 
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Electrical Specifications Vcc = +2.7V, uo = 2170 MHz, if = 280MHz, rf = 2450 MHz. Zq = son, 
Unless Otherwise Specified (Continued) 


ALL GRADES 


PARAMETER 


IF Open Collector Output Resistance (IF = 280MHz) 


IF Open Collector Output Capacitance 


Mixer LO to RF isolation 



SYMBOL TEMP (<’C) MIN 


RXM.ROUT 


RXM_COUT 



RECEIVE LNA/MIXER CASCADED CHARACTERISTICS (-3dB Loss RF Image Filter between LNA and Mixer. LNA.RX.IN 

2450MHz/-25dBm, RL|f = 250Q external matching network, (Note 6)) 


Cascaded Noise Figure 


Cascaded Power Gain 


Cascaded Input IP3 


Cascaded Input Compression Point 


Maximum Input Power 

(Output may be gain compressed, but functional) 


TRANSMIT MIXER CHARACTERISTICS (LOJN = 2170MHz/-3dBm, TXMJF+ = 280MHz/-13dBm, RS,f = 500, RSlo = 50Q, 

RLrf = Transmit Mode) 


IF Input Frequency Range 


IF Input Resistance (IF = 280MHz) 


IF Input Capacitance (IF = 280MHz) 


Power Conversion Gain (RS|f = 500) 


Power Conversion Gain (RS|f = 2500) (Notes 4,5) 


Transmit Mixer LO Leakage 


RF Output Frequency Range 


TXM_RF VSWR (2.4GHz to 2.5GHz) 


TXM_RF Return Loss 


Mixer Output 1dB Compression 


Output SSB Noise Figure (RS|f = 500) 


Output 3rd Order Intercept (RS|f = 500) 


Output SSB Noise Figure (RS|f = 2500) 



TXM_IP3_50 


TXM_NF250 


TXM_IP3_250 


Output 3rd Order Intercept (RS|f = 2500) 


TRANSMIT POWER PRE-AMP CHARACTERISTICS (PREJN =r 2450MHz/-13dBm, RS = RL =: 500, Transmit Mode) 


Power Pre-Amp Frequency Range 


PRE_AMP Noise Figure 


PRE_AMP Output 3rd Order Intercept 



PRE_AMP Input VSWR (2.4GHz to 2.5GHz) 


PRE_AMP Input Return Loss 


PRE_AMP Output VSWR (2.4GHz to 2.5GHz) 


PRE_AMP Output Return Loss 
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Electrical Specifications Vcc = +2.7V. LO = 2170 MH 2 , if= 280 MHz, rf = 2450MHz, Zq = 50q, 
Unless OthenA/ise Specified (Continued) 


PARAMETER 

SYMBOL 

TEMP (®C) 

ALL GRADES 

UNITS 

MIN 

TYP 

MAX 

TRANSMIT MIXER/POWER PRE-AMP CASCADED CHARACTERISTICS (TXM_IF+ = 280MHz/-13dBm, -3dB Loss RF Image Filter with 

no LO suppression between Mixer and Transmit Amp, RL = 
50Q, RS,p = 250Q(Note6)) 

Cascaded Power Gain 

CTX_PG 

25 

8 

11.4 

- 

dB 

Cascaded Output PIdB 

CTX_P1D 

25 

- 

-2.0 

- 

dBm 

Cascaded Output NF 

CTX_NF 

25 

- 

15 

- 

dB 

Cascaded Output 3rd Order Intercept 

CTXJP3 

25 

- 

7.1 

- 

dBm 

Cascaded LO Leakage 

CTX_LEAK 

25 

- 

-8.7 

- 

dBm 

POWER SUPPLY AND LOGIC CHARACTERISTICS 

Voltage Supply Range 

Vcc 

25 

2.7 

- 

5.5 

V 

Transmit Mode Supply Current (Vcc = 2.7V) 

TX_2.7Icc 

25 

46 

49 

52 

mA 

Full 

- 

64 

- 

mA 

Receive Mode Supply Current (Vcc = 2.7V) 

RXJcc 

25 

15.5 

18 

20.5 

mA 

Full 

- 

22.5 

- 

mA 

Power Down Current (Vcc = 5.5V) 

Icc-PD 

Full 

- 

0.3 

10 

pA 

Logic Input Low Level 

-1 

> 

Full 

-0.2 

- 

0.8 

V 

Logic Input High Level 

V,H 

Full 

IQIIIIII 

- 

Vcc 

V 

Logic Low Input Bias Current (Vpg = OV, Vcc = 5.5V) 

Ib-LO 

Full 

- 

- 

1 

pA 

Logic High Input Bias Current (Vpg = 5.5V, Vcc = 5.5V) 

Ib-HI 

Full 

• 

50 

150 

pA 

TX/RX Power Enable Time (Note 7) 

PEt 

Full 

- 

0.25 

1 

ps 

TX/RX Power Disable Time (Note 7) 

PDt 

Full 

- 

0.25 

1 

ps 


NOTES: 

2. See Figure 5 Test Circuit for 50Q IF matching network component values. 

3. SSB (Single Side Band) Noise Figure measurement requires the use of an IF Reject/Highpass Filter between the Noise Source and the 
RXM_RF port. This filter prevents IF input noise from interfering with the Mixer IF output Noise Figure Measurement. 

4. Transmit mixer measured with Impedance Transform Network 250Q at device to 500 at the source. Refer to Figure 5, pin 19. 

5. Implied limit, production measurement uses 500 termination at pin 19 (RS|p = 500). Typical transmit conversion gain increase of 5.5dB 
with application circuit Figure 5 (RS|p = 2500). 

6 . See Figure 2 for Typical Application Circuit. 

7. Enable/Disable Time Specifications are tested with the external component values shown in the Figure 5 Test Circuit, with an IF frequency 
of 280MHz. Specifically the AC coupling capacitors on the TXM_IF+ and TXM_IF- pins are biased up to operating voltage from a fixed 
internal current source at power up. Increasing these AC coupling capacitors above lOOOpF will slow Enable Time proportionately. 

POWER CONTROL TRUTH TABLE 


STATE 

RX_PE 

TX_PE 

Power Down 

(Receive/Transmit Channels Power Down) 

Low 

Low 

Transmit Mode 

(Receive Channel Power Down) 

Low 

High 

Receive Mode 

(Transmit Channel Power Down) 

High 

Low 

Not Recommended 

High 

High 






















































































































HFA3624 


Pin Description 

PINS SYMBOL DESCRIPTION 

1 LNA_RX_Vcc 2 Receive Channel Low Noise Amplifier Output Stage Positive Power Supply. Use high quality decou¬ 

pling capacitors right at the pin. A 5pF chip capacitor is recommended. 

3 LNA_RX_OUT Receive Channel Low Noise Amplifier Output (2400MHz to 2500MHz). The nominal impedance of 

50^ over the operating frequency range, is achieved with an on chip narrowband tuned circuit. This 
pin requires AC coupling. 

5 LNA_RX_Vcci Receive Channel Low Noise Amplifier Input Stage Positive Power Supply. Use high quality decoupling 

capacitors right at the pin. A 200pF chip capacitor is recommended. 

7 LNA_RX_IN Receive Channel Low Noise Amplifier Input (2400MHz to 2500MHz). The nominal impedance of 50U 

over the operating frequency range, is achieved with an on chip narrowband tuned circuit. This pin 
requires AC coupling. 

8 PRE_TX_OUT Transmit Channel Power Pre-Amplifier Output (2400MHz to 2500MHz). The nominal impedance of 

50^ over the operating frequency range, is achieved with on chip narrowband tuned circuit. This pin 
requires AC coupling. 

10 PRE_TX_Vcc 2 Transmit Channel Power Pre-Amplifier Output Stage Positive Power Supply. Use high quality decou¬ 

pling capacitors right at the pin. A 200pF chip capacitor is recommended. 

12 PRE_TX_IN Transmit Channel Power Pre-Amplifier Input (2400MHz to 2500MHz). The nominal impedance of 500, 

over the operating frequency range, is achieved with an on chip narrowband tuned circuit. This pin 
requires AC coupling. 

14 PRE_TX_Vcci Transmit Channel Power Pre-Amplifier Input Stage Positive Power Supply. Use high quality decoupling 

capacitors right at the pin. A 200pF chip capacitor is recommended. 

15 TX_PE Transmit Channel Power Enable Control Input. TTL compatible Input. Refer to “Power Control Truth Ta¬ 

ble” on previous page. 

16 TX_Vcc Transmit Channel Positive Power Supply. Use high quality decoupling capacitors right at the pin. A 

200pF chip capacitor is recommended. 

17 TXM_RF Transmit Channel Mixer RF Output (2400MHz to 2500MHz). The nominal impedance of 50i2, over the 

operating frequency range, is achieved with an on chip narrowband tuned circuit. This pin requires AC 
coupling. 

19 TXMJF+ Transmit Channel Mixer IF-i- Input (10MHz to 400MHz). The TXMJF+ and TXMJF- pins form a high 

input impedance differential pair. Either input (or both inputs for special applications) may be used for 
the IF signal. Typically the TXM_IF- pin is bypassed to ground with a 470pF capacitor and the TXMJF+ 
pin is AC coupled to the transmit IF signal. The high impedance input requires external termination. 
The specified input impedance is modeled as a resistor in parallel with a capacitor derived from S pa¬ 
rameters at 280MHz. The input Impedance will increase at lower IF frequencies. 

This pin requires AC coupling. Increasing the AC coupling capacitor to larger than lOOOpF will degrade 
Transmit Enable Time. 

20 TXMJF- Transmit Channel Mixer IF- Input (10MHz to 400MHz). The TXM_IF+ and TXM_IF- pins form a high 

input impedance differential pair. Either input (or both for special applications) may be used for the IF 
signal. Typically the TXM_IF- pin is bypassed to ground with a 470pF capacitor and the TXMJF-i- pin 
is AC coupled to the transmit IF signal. The high impedance input requires external termination. The 
specified input impedance is modeled as a resistor In parallel with a capacitor derived from S param¬ 
eters at 280MHz. The input impedance will increase at lower IF frequencies. 

This pin requires AC coupling. Increasing the AC coupling capacitor to larger than lOOOpF will degrade 
Transmit Enable Time. 

21 LO_IN Local Oscillator Input (2000MHz to 2490MHz). The LOJN and LO_BY pins form a differential pair with 

a mutual broadband 50Q impedance. Refer to the LO_BY pin for details. The recommended LO power 
is -3dBm, however usable performance is obtained for the range -6dBm to +3dBm. The LO_IN pin re¬ 
quires AC coupling. 

22 LO_BY Local Oscillator Input Bypass (2000MHz to 2490MHz). The LO_IN and LO_BY pins form a differential 

pair with a mutual broadband 50Q input impedance. The LO_BY pin can be used as a signal input, 
but may have slightly degraded performance due to a clamp circuit to GND. Typicaliy the LO_BY pin is 
bypassed to GND with a 5pF capacitor. The LO_BY pin requires AC coupling. 
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Typical Appucation Circuits 


•3ciB/50Q BPF 
2450MHz 

LFJ30>03B2442B084 

muRata 


RECEIVE 

ENABLE 


C12 ' 

<HH 

‘ RXA_Vcc2j 


_ 2!®j 


^rxa_out| 

C13 

^ 


RF INPUT 
2450MHz : 
SOQ 


RF OUTPUT 
2450MHz ^ 
500 


^RXA_Vcci^ 
I GNpt 
^ RXAJNI 
TXA_OUTr 

I gndS 


RXA 

i HFA3624 

1 LOBi 


ZZRXMJF- 

- ||.0BY C27 - 

^ LOJN 
:^TXM_IF- 9,28 


'F OUTPUT 
280MHz 
C51 2500 


_< LO INPUT ' 
2170MHz 
500 

—< IF INPUT 

280MHz, 2500 

2500 


HG—> 

C48 


-3dB/50O BPF 
2450MHz 

LFJ30-03B2442B084 

muRata 


TRANSMIT 

ENABLE 


FIGURE 2. DIFFERENTIAL TO SINGLE ENDED IF OUTPUT TRANSLATION WITH 2500 IF IMPEDANCE 




























HFA3624 


Typical Application Circuits (Continued) 


<3dB/S0a BPF 
2450MHz 

LFJ30-03B2442B084 

muRata 


RF INPUT 
2450MHz : 
50£2 


RF OUTPUT 
2450MHz < 
500 


RXA_VcC 2 r 

< - 

RXA_OUT p 

<J-^ 

^RXA_Vccii 

< - ^ 

^ RXAJN > 

TXA OUTp 

<1-^ 

^TXA_Vcc2 

<J- ^ 

TXAJN 

<j_H 

^TXA_Vcci j 

;C10 


RXA 

I HFA3624 


-3dB/50O BPF 
2450MHz 

LFJ30-03B2442B084 

muRata 


RECEIVE 

ENABLE 


|rxm_rf ,, 1 

|gnd p 

w C25 

[RXMJF+ 


{rxmjf- 1 

LO_BY 

C27 

LOJN 

TXM_IF- 

C28 

\e 

TXMJF-i. 


GND p 

s. 

txm.rf’’ 

^ C23 
_11_ 

{TX_Vcc _ 1 

iTX_PE 

j;ci9 


_< LO INPUT 
2170MHz 
50Q 

—< IF INPUT 

280MHz, 2500 

2500 


IF OUTPUT 

280MHz 

2500 

HM> 

C48 


TRANSMIT 

ENABLE 


FIGURE 3. SINGLE ENDED IF OUTPUT WITH 250Q IF IMPEDANCE 
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Typical Application Circuits (Continued) 



FIGURE 4. DIFFERENTIAL TO SINGLE ENDED IF OUTPUT TRANSLATION USING TRANSFORMER INTO 250Q 





HFA3624 


Typical Application Circuits (Continued) 


Vcc * 2.7V 


t t 

X C13 X ( 


RECEIVE 

ENABLE 


RECEIVE 
AMP RF . 
OUTPUT^ 

soa 


SIG. GEN. 
2450MHz > 

TRANSMIT 
AMP RF^ 
OUTPUT 

son 


SIG. GEN. 
2450MHz: 

son 




LNA_Vcc2 p 
j GND^ 

"^LNA OUTr 

j gnd| : 

'^LNA.VccI r 

j GND^ 

LNA in| : 
pre.out! : 
j gnd| : 

'^TXA_Vcc2r 

4 gnd| : 

PREJN p 
j GND^ 

>RE_Vcci|: 


pA T 
HFA3624t 


PRE LOST 

Lamp jt 


CIO 

200pF 


RXM_RF 

C14 

GND 

I> 

1 RXMJF-i- 


1RXMJF- 1 

LO_BY 

C20 

LOJN 

TXMJF- 

C24 ^ 
^ 

TXMJF+ 

470pF 

GND 


TXM.RF 

SpF 

_31_ 

1 1 
!tx_Vcc . 1 


, SIG. GEN. 

» 2170MHz 

son L4 

^47nH 


DpF 

»nH jC, 
470pF V 


SIG. GEN. 

; 2450MHz 

son 

IF OUTPUT 
280MHz 

son 


SIG. GEN. 

; 280MHz 

son 

TRANSMIT. 

MIXER 

‘ RF OUTPUT 

son 


TRANSMIT 

ENABLE 


FIGURE 5. OPTIMIZED LAB EVALUATION CIRCUIT 


Typical Performance Curves 


Vcc* 2.7V 
Ta = 25°C 


IdB 

COMPRESSION 
POINT V 


Vcc* 2.7V 
Ta = 25®C 


IdB 

COMPRESSION 
POINT V 


c 

~1dB ^ 

=. i ■* 

^ o 


-17 -13 

IF INPUT POWER (dBm) 


-14 -11 

IF INPUT POWER (dBm) 


FIGURE 6. TRANSMIT PRE-AMP IdB COMPRESSION 


FIGURE 7. TRANSMIT MIXER IdB COMPRESSION 
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1 1 

Vcc ■ 2.7V 
■ Ta»2S®C 



— 

— 

1 ■ m 















2.0 

FREQUENCY (GHz) 


2.0 

FREQUENCY (GHz) 


FIGURE 12. LNA LOG MAG 

INPUT RETURN LOSS 


FIGURE 13. LNA S 21 LOG MAG 
FORWARD GAIN 
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Typical Performance Curves (Continued) 



FIGURE 14. LNA S 12 LOG MAG 

REVERSE ISOLATION 



1.0 2.0 3.0 

FREQUENCY (GHz) 


FIGURE 16. TRANSMIT MIXER S 22 LOG MAG 
RF OUTPUT RETURN LOSS 



2.4 2.45 2.5 


FREQUENCY (GHz) 

NOTE: Transmit mixer measured with Impedance Transform Net¬ 
work 2500 at device to 500 at the source. Refer to Figure 5, pin 19. 

FIGURE 18. TRANSMIT MIXER CONVERSION 
GAIN vs IF FREQUENCY SWEEP 
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Typical Performance Curves (Continued) 



230 

250 

270 290 

310 

330 

230 

250 

270 290 



FREQUENCY (MHz) 





FREQUENCY (MHz) 


FIGURE 20. RECEIVE MIXER S 22 LOG MAG 
IF OUTPUT RETURN LOSS 


FIGURE 21. RECEIVE MIXER CONVERSION 

GAIN vs LO FREQUENCY SWEEP 
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RF FREQUENCY (GHz) RF FREQUENCY (GHz) 

FIGURE 30. RECEIVE MIXER IPS vs RF FREQUENCY FIGURE 31. RECEIVE MIXER SSB NOISE FIGURE vs RF 

FREQUENCY 
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RF FREQUENCY (GHz) 


RF FREQUENCY (GHz) 


NOTE: Transmit mixer measured with Impedance Transform Net- NOTE: Transmit mixer measured with Impedance Transform Net 
work 250Q at device to 500 at the source. Refer to Figure 5, pin 19. work 2500 at device to 500 at the source. Refer to Figure 5, pin 19 

FIGURE 34. TRANSMIT MIXER GAIN vs RF FREQUENCY FIGURE 35. TRANSMIT MIXER OUTPUT IdB COMPRESSION 

vs RF FREQUENCY 


Ta - 25°C, IF s 280MHz (NOTE) 


RF FREQUENCY (GHz) 


LO FREQUENCY (GHz) 


NOTE: Transmit mixer measured with Impedance Transform Net- FIGURE 37. TRANSMIT MIXER LO TO RF PORT LEAKAGE 
work 2500 at device to 500 at the source. Refer to Figure 5, pin 19. vs LO FREQUENCY 

FIGURE 36. TRANSMIT MIXER SSB NOISE FIGURE 
vs RF FREQUENCY 
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Typical Performance Curves (continued) 





-40 -30 -20 -10 0 10 20 30 40 50 60 70 85 

TEMPERATURE (°C) 


-40 -30 -20 -10 0 10 20 30 40 50 60 70 85 

TEMPERATURE C’C) 


FIGURE 46. TRANSMIT MIXER LO TO RF PORT LEAKAGE vs FIGURE 47. RECEIVE MIXER LO TO IF PORT LEAKAGE 


TEMPERATURE 


vs TEMPERATURE 





















■11 

1^1 

z_ 




























1-5 -4 -3 -2 -1 0 1 2 

LO DRIVE (dBm) 

FIGURE 48. RECEIVE MIXER GAIN vs LO DRIVE 


Ta s 25^C, if s 280MHz 
- RF s 2.45GHz, Fi - Fj s 200kHz - 


-5 -4 -3 -2-10 1 

LO DRIVE (dBm) 

FIGURE 49. RECEIVE MIXER IPS vs LO DRIVE 
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Typical Performance Curves (Continued) 



-3 -2 -1 0 

LO DRIVE (dBm) 



-3 -2 -1 0 

LO DRIVE (dBm) 


laivf-n oon ini- i « NOTE: Transmit mixGr measured with Impedance Transform Net- 

FIGURE 50. RECEIVE MIXER SSB NOISE FIGURE vs LO DRIVE , * c-- = 

work 250Q at device to 50t2 at the source. Refer to Figure 5, pin 19. 


Ta = 25°C, RF s 2.45GHz 
■ IF = 280MHz (NOTE) 


FIGURE 51. TRANSMIT MIXER GAIN vs LO DRIVE 


Ta = 25®C, RF = 2.45GHz (NOTE) 




-3 -2 -1 0 

LO DRIVE (dBm) 


IF FREQUENCY (MHz) 


NOTE: Transmit mixer measured with Impedance Transform Net- NOTE: TXMJF input matching network modified for each IF fre- 
work 2500 at device to 50Q at the source. Refer to Figure 5, pin 19. quency as described in Table 1. 

FIGURE 52. TRANSMIT MIXER OUTPUT IdB COMPRESSION FIGURE 53. TRANSMIT MIXER GAIN vs IF FREQUENCY 

vs LO DRIVE 


TABLE 1. TXMJF INPUT 500 TO 2500 IMPEDANCE TRANSFORM CIRCUIT 


LO CAPACITORS 
C20, C28 


5pF 


5pF 


5pF 


5pF 


7pF 


7pF 


lOpF 


lOpF 


NOTE: Refer to Figure 5, pin 19. 


COMPONENT VALUES 


IF BYPASS 
C24, C21 


0.1 pF 


0.022pF 


0.012pF 


IF SHUNT C 
C25 


IF SERIES L 
L4 
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Features 

• Integrates all IF Transmit and Receive Functions 

• Broad Frequency Range.10MHz to 400MHz 

• l/Q Amplitude and Phase Balance.0.2dB, 2° 

• 5th Order Programmable 

Low Pass Filter..2.2MHz - 17.6MHz 

• 400MHz Limiting IF Gain Strip with RSSI .... 84dB 

• Low LO Drive Level.-15dBm 

• Fast Transmit-Receive Switching.. 1^s 

• Power Management/Standby Mode 

• Single Supply 2.7V to 5.5V Operation 

Applications 

• Systems Targeting IEEE 802.11 Standard 

• TDD Quadrature-Modulated Communication 
Systems 

• Wireless Local Area Networks 

• PCMCIA Wireless Transceivers 

• ISM Systems 

• TDMA Packet Protocol Radios 

• PCS/Wireless PBX 

• Wireless Local Loop 


sVm Description 

The Harris 2.4GHz PRISM™ chip set Is a 
I highly integrated five-chip solution for RF 
********®PW J modems employing Direct Sequence 
'V Spread Spectrum (DSSS) signaling. The 
HFA3724 400MHz Quadrature IF Modulator/Demodulator Is one of the 
five chips in the PRISM^^ chip set (see the Typical Application Diagram). 

The HFA3724 is a highly integrated baseband converter for quadrature 
modulation applications. It features all the necessary blocks for baseband 
modulation and demodulation of I and Q signals. It has a two stage 
integrated limiting IF amplifier with 84db of gain with a built in Receive 
Signal Strength Indicator (RSSI). Baseband antialiasing and shaping fil¬ 
ters are integrated in the design. Four filter bandwidths are programmable 
via a two bit digital control Interface. In addition, these filters are continu¬ 
ously tunable over a ±20% frequency range via one external resistor. The 
modulator channel receives digital I and Q data for processing. To achieve 
broadband operation, the Local Oscillator frequency input is required to 
be twice the desired frequency of modulation/demodulation. A selectable 
buffered divide by 2 LO output and a stable reference voltage are provided 
for convenience of the user. The device is housed in a thin 80 lead TQFP 
package well suited for PCMCIA board applications. 

Ordering Information 

PART NUMBER | TEMP. RANGE (**C) | PACKAGE PKG. NoT 

HFA3724IN _ -40 to 85 80 Ld TQFP 080.14x14 

HFA3724IN96 40 to 85 Tape and Reel 


Simplified Block Diagram 


i§ 


Ui Uj o ^ 

zz 2.J 


MOD_LO_OUT 

LO_GND 


MOD_TXJF_OUT 



LPF.RXLOUT 


LPF_RXQ_OUT 


mi 


PRISM™ and the PRISM™ logo are trademarks of Harris Corporation. 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper iC Handling Procedures. 
Copyright © Harris Corporation 1997 o >10 


File Number 4067.4 
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Pinout 


80LEADTQFP 

TOP VIEW 


li uiu ^ ^ ^ 

flc flc O O > o! tt S S ffi 

i'siiiii'siss sigiiss's's 

□ 00(9(90DD3D 


8079787776757473727170696867666564636261 


LlM1_BYP+[ 

UM1JN-i>[ 

LIMIJN-C 

UM1_BYP-C 

GND[ 

GNDC 

GND[ 

GNDC 

LPF.VccC 

2V REF C 
LPF_BYP C 
LPF_TXIJN C 
LPF_TXQJN C 

lpf_rxloutc 
LPF_RXQ_OUTC 
LPF_SEL1 C 
LPF_SEL0C 
LPF_TUNE1 C 
LPF_TUNEOC 
GNDC 


21 22 23 24 25 26 27 28 29 30 3132 33 34 35 36 37 38 39 40 


sI'S's'SSsl'SS' i'ili'iil'i' 


LIM2_RSSI 

RSSLRL2 

GND 

LIM2_OUT-i- 

LIM2_OUT- 

LIM2_Vcc 

LIM2_PE 

GND 

GND 

GND 

LO_GND 

MODJF_IN- 

MOD IFJN-i- 

MOD.Vcc 

MOD_LO_OUT 

MOD.Vcc 

MOD.LOJN 

MOD_RX_PE 

MOD_TXJF_OUT 

MOD_TX_PE 
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Block Diagram 


-I 

X X 

K DC 

u.' 1 u.' 1 


LPF_RXI - 
LPF_RXI+ 
LPF_RXQ + 
LPF_RX Q - 

MOD_RX Q - 
MOD.RX Q + 

MOD.RX I - 
MOD_RX I + 


LPF_TX_Q - 
LPF_TX_Q + 
LPF_TXJ - 
LPF.TXJ + 


MODTXi> 
MOD TX f - 
MODTXQ + 
MODTXQ- 


MODJFJN + J 
MODJF.IN -J 
UM2_OUT-n 
UM2_0UT4- 


LIM2JN+ 

LiM2JN-' 


LIM1_OUT - 
UM1_OUT + 


^ a I * 2V REF 


i> .HI-> 


:.Hh> 


NOTE; Vcc. GND and Bypass capacitors not shown. 
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HFA3925 
(FILE# 4132) 


^^1 


802.11 

MAC-PHY 

INTERFACE 


© © 



QUAD IF MODULATOR 


DSSS BASEBAND PROCESSOR 


DUAL SYNTHESIZER 


HFA3524 (FILE# 4062) 


TYPICAL TRANSCEIVER APPLICATION USING THE HFA3724 


PRISM^** CHIP SET FILE #4063 


NOTE: Required for systems targeting 802.11 specifications. 

For additional information on the PRiSM^i^ chip set, call The four-digit file numbers are shown in Typical Application 
(407) 724-7800 to access Harris’ AnswerFAX system. When Diagram, and correspond to the appropriate circuit, 
prompted, key in the four-digit document number (File #) of 
the datasheets you wish to receive. 
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Pin Description 


PIN 

SYMBOL 

DESCRIPTION 

■ 

LIM1_BYP+ 

DC feedback pin for Limiter amplifier 1. Requires good decoupling and minimum wire length to a solid signal 
ground. 

2 

LIM1Jn+ 

Non inverting analog input of Limiter amplifier 1. 

3 

LIMIJn- 

inverting input of Limiter amplifier 1. 

■ 

LIM1_BYP- 

DC feedback pin for Limiter amplifier 1. Requires good decoupling and minimum wire length to a solid signal 
ground. 

5. 6, 
7,8 

GND 

Ground. Connect to a solid ground plane. 

9 

LPF.Vcc 

Supply pin for the Low pass filter. Use high quality decoupling capacitors right at the pin. 

10 

2V REF 

Stable 2V reference voltage output for external applications. Loading must be higher than lOkCL A bypass 
capacitor of at least 0.1 pF is required. 

11 

LPF_BYP 

Internal reference bypass pin. This is the common voltage (Vcm) used for the LPF digital thresholds. 
Requires 0.1 pF decoupling capacitor. 

12 

LPF_TXIJn 

Low pass filter in phase (1) channel transmit input. Conventional or attenuated direct coupling is required 
for digital inputs. (Note 7) 

13 

LPF_TXQ_ln 

Low pass filter quadrature (Q) channel transmit Input. Conventional or attenuated direct coupling is required 
for digital inputs. (Note 7) 

14 

LPF.RXLOut 

Low pass filter in phase (I) channel receive output. Requires AC coupling. (Note 8) 

15 

LPF_RXQ_Out 

Low pass filter quadrature (Q) channel receive output. Requires AC coupling. (Note 8) 

16 

LPF.Sell 

Digital control input pins. Selects four programed cut off frequencies for both receive and transmit channels. 
Tuning speed from one cutoff to another is less than Ips. 

SEL1 SELO Cutoff Frequency SEL1 SELO Cutoff Frequency 

17 

LPF.SelO 

LO LO 2.2MHz HI LO 8.8MHz 

LO HI 4.4MHz HI HI 17.6MHz 

18 

LPF_Tune1 

These two pins are used to fine tune the Low pass filter cutoff frequency. A resistor connected between the 
two pins (Rjune) will fine tune both transmit and receive filters. Refer to the tuning equation In the LPF AC 
specifications. 

19 

LPF_TuneO 

20 

GND 

Ground. Connect to a solid ground plane. 

21 

LPF_RX_PE 

Digital input control pin to enable the LPF receive mode of operation. Enable logic level is High. 

22 

LPF_TX_PE 

Digital input control pin to enable the LPF transmit mode of operation. Enable logic level is High. 

23 

LPF.TXQ- 

Negative output of the transmit Low pass filter, quadrature channel. AC coupling is required. Normally 
connects to the inverting Input of the quadrature Modulator (Mod_TXQ-), pin 40. 

24 

LPF_TXQ+ 

Positive output of the transmit Low pass filter, quadrature channel. AC coupling is required. Normally 
connects to the non inverting Input of the quadrature Modulator (Mod_TXQ+), pin 39. 

25 

LPF_TXI- 

Negative output of the transmit Low pass filter. In phase channel. AC coupling is required. Normally 
connects to the inverting input of the in phase Modulator (Mod_TXI-), pin 38. 

26 

LPF_TXI+ 

Positive output of the transmit Low pass filter, in phase channel. AC coupling is required. Normally connects 
to the non inverting Input of the In phase Modulator (Mod_TXI+), pin 37. 

27 

LPF_RXQ- 

Low pass filter Inverting input of the receive quadrature channel. AC coupling is required. This Input Is 
normally coupled to the negative output of the quadrature demodulator (Mod_RXQ-), pin 36. 

28 

LPF_RXQ+ 

Low pass filter non inverting input of the receive quadrature channel. AC coupling is required. This input is 
normally coupled to the positive output of the quadrature demodulator (Mod_RXQ+), pin 35. 

29 

LPF.RXI- 

Low pass filter inverting input of the receive in phase channel. AC coupling is required. This input is 


normally coupled to the negative output of the in phase demodulator (Mod_RXi-), pin 34. 
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Pin Description (Continued) 


PIN 

SYMBOL 

DESCRIPTION 

30 

LPF_RXI+ 

Low pass filter non inverting input of the receive in phase channel. AC coupling is required. This input is 
normally coupled to the positive output of the in phase demodulator (Mod_RXI-), pin 33. 

31,32 

GND 

Ground. Connect to a solid ground plane. 

33 

Mod_RXI+ 

In phase demodulator positive output. AC coupling is required. Normally connects to the non Inverting input 
of the Low pass filter (LPF_RXI+), pin 30. 

34 

Mod_RXI- 

In phase demodulator negative output. AC coupling is required. Normally connects to the inverting input of 
the Low pass filter (LPF_RXI-), pin 29. 

35 

Mod_RXQ+ 

Quadrature demodulator positive output. AC coupling Is required. Normally connects to the non inverting 
input of the Low pass filter (LPF_RXQ+), pin 28. 

36 

Mod_RXQ- 

Quadrature demodulator negative output. AC coupling is required. Normally connects to the Inverting input 
of the Low pass filter (LPF_RXQ+), pin 27. 

37 

Mod_TXI+ 

In phase modulator non inverting input. AC coupling is required. This input is normally coupled to the Low 
pass filter positive output (LPF_TXI+), pin 26. 

38 

Mod_TXI- 

In phase modulator inverting input. AC coupling is required. This input is normally coupled to the Low pass 
filter negative output (LPF_TXI-), pin 25. 

39 

Mod_TXQ+ 

Quadrature modulator non inverting input. AC coupling is required. This input is normally coupled to the 
Low pass filter positive output (LPF_TXQ+), pin 24. 

40 

Mod.TXQ- 

Quadrature modulator inverting input. AC coupling is required. This input is normally coupled to the Low 
pass filter negative output (LPF_TXQ-), pin 23. 

41 

Mod_TX_PE 

Digital input control to enable the Modulator section. Enable logic level is High for transmit. 

42 

Mod_TX_IF_Out 

Modulator open collector output, single ended. Termination resistor to Vcc with a typical value of 316Q. 

43 

Mod_RX_PE 

Digital input control to enable the demodulator section. Enable logic level is High for receive. 

44 

Mod_LO_ln 

(2XLO) 

Single ended local oscillator current input. Frequency of input signal must be twice the required modulator 
carrier and demodulator LO frequency, input current is optimum at 200pAp|^s- matching networks 

and filters can be designed for a wide range of power and impedances at this port. Typical input impedance 
is 130Q.This pin requires AC coupling. (Note 9) 

NOTE: High second harmonic content input waveforms may degrade l/Q phase accuracy. 

45 " 

Mod.Vcc 

Modulator/Demodulator supply pin. Use high quality decoupling capacitors right at the pin. 

46 

Mod_LO_Out 

Divide by 2 buffered output reference from "Mod.LOJn” input. Used for external applications where the 
modulating and demodulating carrier reference frequency is required. 50Q single end driving capabiiity.This 
output can be disabled by use of pin 50. AC coupling is required, otherwise tie to pin 47 (Vqq). 

47 

Mod.Vcc 

Modulator/Demodulator supply pin. Use high quality decoupling capacitors right at the pin. 

48 

Mod_IF_ln+ 

Demodulator non inverting input. Requires AC coupling. 

49 

Mod_IF In- 

Demodulator inverting input. Requires AC coupling. 

50 

LO_GND 

When grounded, this pin enables the LO buffer (Mod_LO_Out). When open (NC) it disables the LO buffer. 

51,52, 

53 

GND 

Ground. Connect to a solid ground plane. 

54 

LIM2_PE 

Digital input control to enable the limiter amplifier 2. Enable logic level Is High. 

55 

LIM2_Vcc 

Limiter amplifier 2 supply pin. Use high quality decoupling capacitors right at the pin. 

56 

LlM2_Out- 

Positive output of limiter amplifier 2. Requires AC coupling. 

57 

LIM2_Out+ 

Negative output of limiter amplifier 2. Requires AC coupling. 

58 

GND 

Ground. Connect to a solid ground plane. 
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Pin Description (Continued) 


PIN 

SYMBOL 

DESCRIPTION 

59 

RSSLRL2 

Load resistor to ground. Nominal value is 6kQ. This load is used to terminate the LIM RSSI current output 
and maintain temperature and process variation to a minimum. 

60 

LIM2_RSSI 

Current output of RSSI for the limiter amplifier 2. Connect in parallel with the RSSI output of the amplifier 
limiter 1 for cascaded response. 

61 

LIM2_BYP+ 

DC feedback pin for Limiter amplifier 2. Requires good decoupling and minimum wire length to a solid signal 
ground. 

62 

LIM2Jn+ 

Non inverting analog input of Limiter amplifier 2. 

63 

LIM2Jn- 

Inverting input of Limiter amplifier 2. 

64 

LIM2_BYP- 

DC feedback pin for Limiter amplifier 2. Requires good decoupling and minimum wire length to a solid signal 
ground. 

65.66, 
67,68, 
69,70, 
71,72, 
73 

GND 

Ground. Connect to a solid ground plane. 

74 

LIM1_PE 

Digital input control to enable the limiter amplifier 1. Enable logic level is High. 

75 

LIMI.Vcc 

Limiter amplifier 1 supply pin. Use high quality decoupling capacitors right at the pin. 

76 

LIM1_Out- 

Negative output of limiter amplifier 1. Requires AC coupling. 

77 

LIM1_Out+ 

Positive output of limiter amplifier 1. Requires AC coupling. 

78 

GND 

Ground. Connect to a solid ground plane. 

79 

RSSLRL1 

Load resistor to ground. Nominal value is 6ka This load is used to terminate the LIM RSSI current output 
and maintain temperature and process variation to a minimum. 

80 

LIM1_RSSI 

Current output of RSSI for the limiter amplifier 1. Connect in parallel with the RSSI output of the amplifier 
limiter 2 for cascaded response. 


NOTES; 

7. The HFA3724 generates a lower sideband signal when the "I” input ieads the “Q” input by 90 degrees. 

8. For a reference LO frequency higher than a CW iF signal input, the “I” channei ieads the “Q” channei by 90 degrees. 

9. The in-phase reference LO transitions occur at the rising edges of the 2XLO ciock signal. Quadrature LO transitions occur at the falling 
edges. 180 degrees phase ambiguity is expected for carrier locked systems without differential encoding. 

TABLE 1. POWER MANAGEMENT 



LPF_TX_PE 


0 
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Absolute Maximum Ratings 


Thermal Information 


Supply Voltage.-0.3V to +6.0V Thermal Resistance (Typical, Note 10) 


Voltage on Any Other Pin.-0.3V to Vcc +0.3V 


Operating Conditions 

Supply Voltage Range.+2.7V to +5.5V 


0ja(°C/W) 

75 


TQFP Package... 75 

Package Power Dissipation at 70°C 

TQFP Package.1.1W 

Maximum Junction Temperature (Plastic Package.150°C 

Maximum Storage Temperature Range.-65°C < T^ ^ 150°C 


Temperature Range .-40»C s T* S SS^C >-ead Temperature (Soldering 10s).300»C 

^ ^ (TQFP - Lead Tips Only) 

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress oniy rating and operation 
of the device at these or any other conditions above those indicated in the operationai sections of this specification is not impiied. 

NOTE: 

10. 0JA is measured with the component mounted on an evaluation PC board in free air. 


DC Electrical Specifications Vcc = 2.7V to 5.5V, Unless otherwise Specified 


PARAMETER SYMBOL 


Total Supply Current, RX Mode at 5.5V RXIcc 


Total Supply Current, TX Mode at 5.5V TXIqc 


Shutdown Current at 5.5V Iccoff 


All Digital Inputs V|h (TTL Threshold for All Vcc) V|h 


All Digital Inputs V,l (TTL Threshold for All Vcc) V,l 


High Level Input Current at 2.7V Vqc. V|n = 2.4V liHi 


High Level Input Current at 5.5V Vcc- V|n = 4.0V I Imh 


Low Level Input Current, V|n = 0.8V Iil 


RX to TX/TX to RX Switching Speed (Figure 23) PEt 


Power Down/Up Switching Speed (Figure 23) I PEtpd 


Reference Voltage I Vp^p 


Reference Voltage Variation Over Temperature I Vreft 


Reference Voltage Variation Over Supply Voltage Vrefv 


Reference Voltage Minimum Load Resistance I Vrefrl 


NOTE: 

11. A = Production Tested, B = Based on Characterization, C = By Design 


(NOTE 11) 

TEST 

LEVEL 



AC Electrical Specifications, Demodulator Performance Application Targeting ieee 802 . 11 , Vqc = 3V, Figure 23 

Unless Othenvise Specified 





(NOTE 12) 









TEST 

TEMP 






PARAMETER 

SYMBOL 

LEVEL 

(“0 

MIN 

TYP 

MAX 

UNITS 


IF Demodulator 3dB Limiting Sensitivity (Note 13) 


IF Demodulator I and Q Outputs Voltage Swing 


IF Demodulator I and Q Channels Output Drive Capability 
(Zqut = 500) CiviAx = 10pF 


IF Demodulator l/Q Amplitude Balance, I Fin = -70dbm at 500 


IF Demodulator l/Q Phase Balance, I Fin = -70dbm at 500 


IF Demodulator Output Variation at -70dbm to Odbm input 


IF Demodulator RSSI Noise Induced Offset Voltage (Note 14) 


IF Demodulator RSSI Voltage Output Slope (Note 15) 



dB 


Degrees 


dB 


mVoc 


mV/dB 


3-50 








































































































































































HFA3724 


AC Electrical Specifications, Demodulator Performance Application Targeting ieee 802 . 11 . Vcc = 3 V, Figure 23 

Unless OthenA^ise Specified (Continued) 


(NOTE 12) 

TEST 

PARAMETER SYMBOL LEVEL 


IF Demodulator RSSI DC Level, Pin = -30dBm (Note 15) 


iF Demodulator RSSI DC Level, Pin = -70dBm (Note 15) 


IF Demodulator RSSI Linear Dynamic Range (Note 16) 


iF Demodulator RSSI Rise and Fall Time from -30dBm to 
-50dBm Input at 10OpF Load 



12. A = Production Tested, B = Based on Characterization, C = By Design 

13. 2XLO input = 572MHz, measure IF input level required to drop the I and Q output at 6MHz by 3dB from a reference output generated at 
iF input = -30dBm (hard limiting). LPF selected for 8.8MHz. This is a noise limited case with a BW of 47MHz. Piease refer to the Overaii 
Device Description, iF limiter. 

14. The residual DC voltage generated by the RSSI circuit due to a noise iimited stage at the end of the chain with no IF input. iF port 
terminated into 50Q. Piease referred to the Overaii Device Description, IF limiter. 

15. Both limiter RSSI current outputs are summed by on chip 6KQ resistors in parallel. 

16. Range is defined where the indicated received input strength by the RSSI is ±3dBm accurate. 


AC Electrical Specifications, Modulator Performance Application Targeting ieee 802.ii, Vcc = 3V, Figure 23 

Unless Otherwise Specified 


(NOTE 17) 

TEST 

PARAMETER SYMBOL LEVEL 


IF Modulator l/Q Amplitude Balance (Note 18) 


IF Modulator l/Q Phase Balance (Note 18) 


IF modulator SSB Output Power (Note 19) Mssbpw 


IF Modulator Side Band Suppression (Note 19) I Mssbss 


IF Mod Carrier Suppression (LO Buffer Enabled) (Note 19) Mssbcs 


IF Mod Carrier Suppression (LO Buffer Disabled) (Note 19) I Mssbcsl 


IF Modulator Output Noise Floor (Out of Band) MoutnO 


IF Modulator l/Q 3dB Cutoff SELO/1 = 2.2MHz (Note 20) Msellf 


IF Modulator l/Q 3dB Cutoff SELO/1 = 4.4MHz (Note 20) Msel2f 


IF Modulator l/Q 3dB Cutoff SELO/1 = 8.8MHz (Note 20) Msel3f 


IF Modulator l/Q 3dB Cutoff SELO/1 = 17.6MHz (Note 20) Msel4f 


IF Modulator Spread Spectrum Output Power (Note 21) I Mdsspw 


IF Modulator Side Lobe to Main Lobe Ratio, LPF = 8.8MHz 
(Note 21) 



17. A = Production Tested, B = Based on Characterization, C = By Design 

18. Data is characterized by DC levels applied to MOD TXI and Q pins for 4 quadrants with LO output as reference or indirectly by the SSB 
characteristics. 

19. Power at the fundamental SSB frequency of two 6MHz, 90 degrees apart square waves applied at TXI and TXQ inputs. V|h = 3.0V, 

V|L = 0.5V. LPF selected to 8.8MHz cutoff. 

20. Cutoff frequencies are specified for both modulator and demodulator as the filter bank is shared and multiplexed for Transmit and Re¬ 
ceive. Data is characterized by observing the attenuation of the fundamental of a square wave digital input swept at each channel sep¬ 
arately. The IF output is down converted by an external wideband mixer with a coherent LO input for each of quadrature signals 
separately. 

21. Typical ratio characterization with Rjune set to 7.7MHz, LPF selected for 8.8MHz. TXI and TXQ Digital Inputs at two Independent and 
aligned 11M chip/s, 2^^-1 sequence code signals. 
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HFA3724 


Typical Performance Curves, Demodulator (see Figure 23 Test Diagram) 


lOmA/DIV. 50mV/DIV. 



2.5 4.0 5.5 -100 -80 -60 -40 -20 0 


Vcc input power (dBm INTO 500) 

FIGURE 1. DEMODULATOR SUPPLY CURRENT vs Vcc AND FIGURE 2. DEMODULATOR l/Q OUTPUT SWING vs INPUT 

TEMPERATURE POWER 


40mV/DIV. 



FIGURE 3. DEMOD l/Q OUTPUT SWING vs Vcc AND 
TEMPERATURE 


IdBm/DIV. 



Vcc 

FIGURE 4. CASCADED LIMITER -3dB INPUT SENSITIVITY 
RESPONSE vs Vcc AND TEMPERATURE 


0.2®/DIV. 

+1V 



-1<*l_I_I_I_ \ _I_I_I_I_I_I 

2.5 4.0 5.5 

Vcc 



2.5 4.0 5.5 

Vcc 


FIGURE 5. DEMOD l/Q PHASE BALANCE VARIATION vs Vcc FIGURE 6. DEMOD l/Q AMPUTUDE BALANCE VARIATION vs Vcc 





HFA3724 


Typical Performance Curves, Demodulator (See Figure 23 Test Diagram) (Continued) 


0.4dB/DIV. 

+2®r— 


EXPECTED VARIATION ^ 
V WINDOW V8 TEMP N 


-60 -40 -20 


0 20 40 60 80 100 

TEMPERATURE 


I O.OdB 
< 


EXPECTED VARIATION 
WINDOW V8 TEMP 




-60 -40 -20 0 20 40 60 80 100 

TEMPERATURE 


FIGURE 7. DEMOD l/Q PHASE BALANCE VARIATION vs TEM- FIGURE 8. DEMOD l/Q AMPLITUDE BALANCE VARIATION vs 
PERATURE TEMPERATURE 


lOOmV/DIV. 
1.5V r 



-100 -80 ^0 <40 -20 ( 

INPUT POWER (dBm INTO 500) 

FIGURE 9. DEMOD RSSI DC LEVEL vs INPUT POWER 



FIGURE 10. DEMOD RSSI DC LEVEL VS Vcc and TEMPERA¬ 
TURE 



FIGURE 11. DEMODULATOR RSSI DC OFFSET vs Vcc AND TEMPERATURE 
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Typical Performance Curves, Modulator (see Figure 23 rest Diagram) 


lOmA/DIV. 



FIGURE 12. MODULATOR SUPPLY CURRENT vs Vcc and 
TEMPERATURE 


0.5dB/DIV. 



Vcc 

FIGURE 14. MODULATOR SSB OUTPUT POWER vs Vcc and 
TEMPERATURE 


lOdB/DIV. 



VBW s 30kHz FREQUENCY 

FIGURE 13. TYPICAL SSB MODULATOR RESPONSE (NOTE 3 ON 
AC ELECTRICAL SPECIFICATIONS, MODULATOR 
PERFORMANCE TABLE, LO BUFFER ENABLED) 

IdB/DIV. 



FIGURE 15. MODULATOR SSB SIDE BAND SUPPRESSION 
VARIATION vs Vcc AND TEMPERATURE 



2.5 4.0 5.5 

Vcc 

FIGURE 16. MODULATOR LO LEAKAGE VARIATION vs Vcc 
AND TEMPERATURE 



2.5 4.0 5.5 

Vcc 

FIGURE 17. MODULATOR LO OUTPUT POWER (FUNDAMEN¬ 
TAL) vs Vcc and temperature 
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Typical Performance Curves, Modu/ator(See Figure 23 Test Diagram) (continued) 





FIGURE 18. TYPICAL MODULATOR I/O 3dB CUTOFF FRE¬ 
QUENCY CURVES 


■30 -25 -20 -15 -10 -5 0 4^5 +10 +15 +20 +25 +30 

[(787-Rtune)/Rtune1*100% 

FIGURE 19. LPF CUTOFF FREQUENCY vs Rtune.Vcc = 3V, 
Ta = 25®C 



-in% l I I 

-60 -40 -20 


TEMPERATURE 



FIGURE 20. LPF CUTOFF FREQUENCY vs TEMPERATURE 

AND Vcc (NOTE 4 ON AC ELECTRICAL SPECIFI¬ 
CATIONS, MODULATOR PERFORMANCE TABLE) 


FIGURE 21. TYPICAL MODULATOR SPREAD SPECTRUM OUT¬ 
PUT 11M CHIPS/s, QPSK. Rtune to 7.7MHz, 
8 .8MHz SETTING 



FIGURE 22. TYPICAL MODULATOR SPREAD SPECTRUM OUTPUT WITH Rtune TO +20% OF 4.4MHz SETTING 
FOR ILLUSTRATION PURPOSES ONLY 
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Design Information HFA3724 



FIGURE 23. TEST DIAGRAM (280MHz IF) 

NOTES: 

22. Input termination used to provide a 50G impedance. Limiter Noise Figure = 9dB for this configuration. 

23. Bandpass filter for 280MHz, BW = 47MHz, Q = 6. 

24. Network shown for a typical -1 OdBm input at 500. 

25. Matching network from 2500 to 500 at 280MHz. 

26. Attenuator is optional if TTL driver can drive 500. 
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Overall Device Description 

The HFA3724 is a highly Integrated baseband converter for 
half duplex wireless data applications. It features all the 
necessary blocks for baseband modulation and 
demodulation of “i” and “Q” quadrature multiplexing signals. 
It targets applications using all phase shift types of 
modulation (PSK) due to its hard limiting receiving front end. 
Four fully Independent blocks adds flexibility for numerous 
applications covering a wide range of IF frequencies. A 
differential design architecture, device pin out and layout 
have been chosen to improve system RF properties like 
common mode signal immunity (noise, crosstalk), reduce 
relevant parasitics and settling times and optimize dynamic 
range for low power requirements. Single power supply 
requirements from 2.7 Vdc to S.SVqc makes the HFA3724 a 
good choice for portable transceiver designs. 

The HFA3724 has a two stage integrated limiting IF amplifier 
with frequency response to 400MHz. These amplifiers 
exhibit a -84dbm, -3db cascaded limiting sensitivity with a 
built in Receive Signal Strength Indicator (RSSI) covering 
60db of dynamic range with excellent linearity. An up conver¬ 
sion and down conversion pair of quadrature doubly bal¬ 
anced mixers are available for “I” and “Q” baseband IF 
processing. These converters are driven by an internal 
quadrature LO generator which exhibits a broadband 
response with excellent quadrature properties. To achieve 
broadband operation, the Local Oscillator frequency input is 
required to be twice the desired frequency for modulation/ 
demodulation. Duty cycle and signal purity requirements for 
the 2X LO input using this type of quadrature architecture 
are less restrictive for the HFA3724. Ground reference input 
signals as low as -15dBm and frequencies up to 900MHz 
(2XLO) can be used and tailored by the user. A buffered, 
divide by 2, LO single ended 50Q selectable output is pro¬ 
vided for convenience of PLL designs. The receive channel 
mixers ‘T and “Q” quadrature outputs have a frequency 
response up to 30MHz for baseband signals and the trans¬ 
mit mixers are summed and amplified to a single ended 
open collector output with frequency response up to 
400MHz. 

Multiplexed or half duplex baseband 5th order Butterworth 
low pass filters are also Included in the design. The “I” and 
“Q” filters address applications requiring low pass and 
antialiasing filtering for external baseband threshold 
comparison or simple analog to digital conversion in the 
receive channel. During transmission, the filter is used for 
pulse shaping or control of spectral mask. 

Four filter bandwidths are programmable, (2.2MHz, 4.4MHz, 
8.8MHz and 17.6MHz) via a two bit digital or hardwired con¬ 
trol interface. These cut off frequencies are selected for opti¬ 
mization of spectrum output responses for 2.25M, 5.5M, 
11M and 22M chips/sec respectively for spread spectrum 
applications (These rates can also be interpreted as symbol 
rates for conventional data transmission). External process¬ 
ing correlators in the receive channel as in the Harris 
HSP3824 baseband converter, will bring the demodulation 
to lower effective data rates. As an example, the use of 11M 
chips/sec, 11 chip Barker code using the 8.8MHz low pass 


filter in a QPSK type of modulation scheme will bring a post 
processed effective data rate to 1M symbol/sec or 2M bits/ 
sec. Likewise, the use of a 2.4M chip^sec, 16 chip spread¬ 
ing code and the use of 2.2MHz filter can process an effec¬ 
tive data rate of 150K symbols/sec or 300K bits/sec. In 
addition, these filters are continuously tunable over a ±20% 
frequency range via one external resistor. This feature gives 
the user the ability to reshape the spectrum of a transmitted 
signal at the antenna port which takes into account any 
spectral regrowth along the transmitter chain. The modulator 
“I” and “Q” filter inputs accept digital signal levels data for 
modulation and their phase and gain characteristics, includ¬ 
ing I / Q matching and group delay are well suitable for reli¬ 
able data transmission. In the Receive mode and over the 
full input limiting dynamic range, both low pass filters outputs 
swing a SOOmVp.p baseband signal. 

Each block has its own independent power enable control for 
power management and half duplex transmit/receive opera¬ 
tion. A stable 2V DC output and a buffered band gap refer¬ 
ence voltage are also provided for an external analog to 
digital conversion reference. 

Detailed Description 

(Refer to Block Diagram) 

IF Limiter 

Two independent limiting amplifiers are available in the 
HFA3724. Each one exhibits a broadband response to 
400MHz with 45dB of gain. The low frequency response is 
limited by external components because the device has no 
internal coupling capacitors. The differential limiting output 
swing with a 500Q load is typically 200mVp.p at the 
fundamental frequency and is temperature stable. 

Both amplifiers are very stable within their passband and the 
cascaded performance also exhibits very good stability for 
any input source impedance. Wide bandwidth SAW filters for 
spread spectrum applications or any desired source 
impedance filter Implementation can be used for IF filtering 
before the cascaded amplifiers. The stability is remarkable 
for such an integrated solution. In fact, in many applications 
it is possible to remove the bypass pin capacitors with no 
degradation In stability. The cascaded -IdB and -3dB input 
limiting sensitivity have been characterized as -79dbm and 
84dbm respectively, for a 50Q single ended input at 280MHz 
and with a 47MHz bandwidth interstage bandpass LC filter 
(refer to Figure 23, Test Diagram). The input sensitivity is 
determined to a large extent by the bandwidth of the inter¬ 
stage filter and input source impedance. 

The noise figure for each stage has been characterized at 
6dB for a 250Q single end input impedance and 9dB for a 
son input impedance. These low noise figures combined 
with their high gain, eliminate the need for additional IF gain 
components. The use of interstage bandpass filtering is sug¬ 
gested to decrease the noise bandwidth of the signal driving 
the second stage. Excessive broadband noise energy 
amplified by the first stage will force the last limiting stage to 
lose some of its effective gain or “limit on the noise”. The use 
of interstage filters with narrower bandwidths will further 
improve the sensitivity of the cascaded limiter chain. 
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The amplifier differential output Impedance is 140Q (70£2 
single ended) which gives the user, the ability to design 
simple wide or narrow LC bandwidth interstage filters, or 
tailor a desired cascaded gain by using differential 
attenuators. The filter can be designed with a desired “Q” by 
using the following relationship: Q = Rp/X; where Rp is the 
parallel combination of 140^2 source resistance and the load 
(approximately 500Q when using 560Q termination as in 
Figure 23, Test Diagram), and X is the reactance of either L 
or C at the desired center frequency. 

Another independent feature of the limiting amplifier is its 
Receive Signal Strength Indicator (RSSI). A Log-Amp 
design was developed which resulted in a current output 
proportional to the input power. The RSSI output voltage is 
set by summing the two stages output currents, which are 
full wave rectified signals, to a common resistor to ground. 
This full wave rectified voltage can then be converted to DC 
by the use of a filter capacitor in parallel with the resistor 
(The larger the capacitor value, the less the AC ripple with 
the expense of longer RSSI settling times). This 
arrangement gives the user the flexibility to set the dynamic 
voltage swing to any desired level by an appropriate 
resistance choice. Each stage has an available on chip 6KQ 
low temperature coefficient resistor to ground for current 
output termination that can be used for convenience. The 
RSSI gives a ±3dBm accurate indication of the receive input 
power. This accuracy is across a 60dB input dynamic range. 
The cascaded HFA3724 RSSI slope is of 5.0|WdB. 

Quadrature Down Converter 

The quadrature down converter mixers are based in a 
Gilbert cell design. The input signal is routed to both mixers 
in parallel. With full balanced differential architecture, these 
mixers are driven by an accurate internal Local Oscillator 
(LO) chain as described later. Phase and gain accuracy of 
the output baseband signals are excellent and are a function 
of the combination of LO accuracy, balanced device design 
and layout characteristics. Mainly used for down conversion. 
Its input frequency response exceeds 400MHz with a 
differential voltage gain of 2.5. With a differential input 
impedance of 1KQ, the input compression point exceeds 
2Vp.p, which makes it suitable for use with the hard limiting 
output from the limiter amplifier chain or any low power 
external AGO application. The output frequency response is 
limited to 30MHz for “I” and “Q” baseband signals driving a 
4Ki2 differential load. 

The HFA3724 down conversion mixers can generate two 
10MHz, 90° apart signals, with the use of proper low pass 
filtering, and exhibits ±4° and ±0.5dB of phase and 
amplitude match for a Input CW IF signal of 400MHz and a 
2XLO input of 780MHz. 

LO Quadrature Generator 

The In Phase and Quadrature reference signals are 
generated by a divide by two chain internal to the device 
which drives both the up and down conversion mixers. With 
a fully balanced approach, the phase relationship between 
the two quadrature signals is within 90° +4° for a wide 10 to 


400MHz frequency range. The reference signal input 
frequency needs to be twice the desired internal reference 
frequency. The ground referenced 2XLO input is current 
driven, which makes the Input power requirement a function 
of external components that can be calculated assuming the 
input Impedance of 130il A typical input current value of 
200pApMS is only requirement for reliable LO generation. 
Figure 25 shows a typical 2XLO input network. 

Divide by two flip flop architectures for LO generation often 
require tight control of signal purity or duty cycles. The 
HFA3724 has an internal duty cycle compensation scheme 
which eases the requirements of tight controlled duty cycles. 

In addition, a 50Q LO buffer is available to the user for PLL’s 
design reference. It substitutes a divide by two prescaler 
needed to bring the 2X LO frequency reference down. It is 
capable to drive 100mVp.p into 50Q and its frequency 
response is from 10MHz to 400MHz corresponding to a 
2XLO Input frequency response of 20MHz to 800MHz. The 
LO buffer can be disabled by removing the ground 
connection to the pin LO GND. The quadrature generator is 
always enabled for either transmit or receive modes. 



FIGURE 25. MOD LO IN (2XLO) EQUIVALENT CIRCUIT 

Quadrature Up Converter 

The Quadrature up converter mixers are also based on a 
doubly balanced Gilbert Cell design. “I” and “Q” Up converter 
signals are summed and buffered together through a single 
end open collector stage. As with the demodulators, both 
modulator mixers are driven from the same quadrature LO 
generator. It features a ±4° and 0.5dB of phase and 
amplitude balance up to 400MHz which are reflected into its 
SSB characteristics. For “I” and “Q” differential Inputs of 
500mVp.p, 90° apart, the carrier feedthrough or LO leakage 
is typical -30dBc into 250Q with a sideband suppression of 
minimum 26dBc at 400MHz. Carrier feedthrough can be fur¬ 
ther improved by disabling the LO output port (please refer to 
pin#50 description) or using a DC bias network as in Figure 
26. Featuring an output compression level of IVp.p, the 
modulator output can generate a CW signal of typical - 
lOdbm into 250Q (158mVRMs) when differential DC inputs of 
500mVp.p (equivalent to applying ±125mV ground refer¬ 
enced levels from the DC bias quiescent point of the device 
input) are applied to both T and “Q” inputs. Four quadrant 
phase shifts of the carrier output, like in Vector Modulator 
applications, can be set by proper choice of “I” and “Q” DC 
differential inputs, such that the square root of the sum of the 
squares of I and Q is constant. 

Although specified to drive a 2500 load, the HFA3724 
modulator open collector output enables user designed 
output matching networks to suit any application interface. 
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The nominal AC current capability of this port is of 
1.3mAniy4s, which is shared between the termination resistor 
and the load for I and Q differential DC inputs of 500mVp.p 
as explained above. (Use 70.7% of this AC capability for I 
and Q quadrature signals in case of SSB generation). 
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Baseband Digital Interfacing 

Special precautions must be taken when interfacing the 
HFA3724 to a digital baseband processor: Large TTL signal 
swings, overshoots and current spikes, must be carefully 
considered when dealing with the generation of analog 
spread spectrum signals which are relatively much smaller in 
energy per bandwidth. 

In order to avoid distortion or spurious tones on the analog 
transmit path, it may be necessary to decrease and/or limit 
digital excursions as much as possible without 
compromising the specifications. Figure 27 shows a 
simplified block diagram of the Transmit digital inputs. 
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■'VW 

4.3K 
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shifterI 
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FIGURE 26. CARRIER NULL BIASING 

Programmable Low Pass Filters 

These filters are implemented using a 5th order Butterworth 
architecture. They are multiplexed, i.e., the same filter bank 
is used for both transmit and receive modes. 

The filter block, in the transmit mode is set to accept digital 
(TTL threshold) input data for “I” and “Q” signals and is 
programmable with 4 frequency cutoffs: (2.2MHz, 4.4MHz, 
8.8MHz and 17.8MHz). Digital control pins are used to 
switch all programmed cutoff modes. The user can design a 
multi data rate transceiver or simply hardwire these inputs. 
An external resistor is used to fine tune the cut off 
frequencies for each setting within ±20% of the nominal 
value. This feature is often needed to fulfill requirements of 
spectral mask compliance at the antenna output. 

The “I” and “Q” filter matching is within 2° for phase and 
0.25dB for amplitude at the passband. Group delay character¬ 
istics follow closely a theoretical 5th order Buttenvorth design. 

When in the receive mode, the filters exhibit a OdB of gain 
with differential inputs and single ended outputs. 

In the transmit mode, the digital ground referenced "I” and 
“Q” input signals are level shifted, shaped and buffered with 
constant driving differential outputs of 550mVp.p. 


] LEVEL I 

shifter! 


I TO 
|q filter 


FROM BAND GAP 


FIGURE 27. SIMPLIFIED BLOCK DIAGRAM OF THE TRANSMIT 
DIGITAL INPUTS 

Because of the input comparators high gain, a small over¬ 
drive of about ±150mV from the reference level of 1.25V is 
all what is needed to reliably switch and level shift the “I” and 
“Q” digital signals. An external attenuator comprising of R1 
and R2 with termination in the available 1.25V reference 
voltage pin (LPF BYP) can be calculated based on expected 
V,H and V||. inputs from a digital interface. Capacitive 
coupling must be avoided which could affect rise and fall 
times needed for proper overdrive speed of the comparators. 
Limiting the digital excursion on those pins greatly reduce 
the possibility of signal corruption at the transmit chain. 

Coupling Capacitors 

Capacitor coupling is used to tie all HFA3724 blocks together. 
Special bias is used to maintain the DC levels on both ends of 
coupling pins (capacitors) when the device is changes from 
Transmitter to a Receiver and vice versa. The capacitance val¬ 
ues must be chosen as a compromise to maintain proper fre¬ 
quency response and settling times (when the device is 
brought up from sleep mode or power down). 
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Design Information HFA3724 


AC Electrical Specifications, IF Limiter, Single Stage Individual Performance Full Supply Range, Ta = 25°c 


PARAMETER 

SYMBOL 

(NOTE 27) 

TEST LEVEL 

MIN 

TYP 

MAX 

UNITS 

IF Frequency Range (Min Limited by Bypass Capacitors) 

IFf 

A 

- 

- 

400 

MHz 

IF Voltage Gain 

IFvG 

A 

39 

45 

■ 

dB 

IF Amp. Noise Figure at 250Q Source input 

IFNF 

B 

- 

- 

7 

dB 

Maximum IF Input, Single Ended 

IFinmax 

B 

- 

- 

500 

mVp.p 

IF Differential Limiting Output (1st Harmonic at 500Q 

Load) 

IFVpp 

A 

160 

200 

260 

mVp.p 

iF Voitage Output Variation at -40dBm to -lOdBm Input 
Range, 5000 Load 

IFVppI 

A 

-0.5 

■ 

+0.5 

dB 

RSSI Slope, Current Output 

IFRSSIsi 

B 


D 

- 

pA/dB 

RSSI Slope, Voltage Output at 6K Load 

IFRSSIv 

A 

25 

34 

45 

mV/dB 

RSSI Output Voltage Compliance 

IFRSSIvc 

B 

■ 

■ 

Vcc- 

0.7 

V 

RSSI DC Offset and Noise Induced Voltage at 6K Load 

IFRSSlof 

A 

200 

400 

600 

mV 

RSSI Absolute Accuracy, V|n = -40dBm 

IFRSSIa 

A 

-10 

- 

+10 

% 

RSSI Rise and Fall Time at 50pF Load (-20dBm to -40dBm 
Input) 

IFRSSIt 

B 

■ 

■ 

■ 

ps 


NOTE: 

27. A = Production Tested, B = Based on Characterization, C = By Design 


TABLE 3. IF LIMITER S11, S22 PARAMETER 


FREQUENCY 

S11 (SINGLE ENDED) 

S22 (DIFFERENTIAL) 

50MHz 

0.96 

-4.0° 

0.45 

0 .0° 

100MHz 

0.95 

00 

0.45 

CO 

b 

o 

200MHz 

0.91 

-17.0° 

0.47 

7.0° 

300MHz 

0.84 

-26.0° 

0.50 

CO 

b 

o 

400MHz 

0.80 

-33.0° 

0.53 

10 .0° 


AC Electrical Specifications, l/Q Down Converter Individual Performance Full Supply Range, 

Ta = 25°C 


PARAMETER 

SYMBOL 

(NOTE 28) 

TEST LEVEL 

MIN 

TYP 

MAX 

UNITS 

Quadrature Demodulator Input Frequency Range 

QDf 

B 

10 

- 

400 

MHz 

Demodulator Baseband l/Q Frequency Range 

QDiQf 

C 

- 

- 

30 

MHz 

Demodulator Voltage Gain at Frequency Range 

QDg 

A 

6 

8 

9 

dB 

Demodulator Differential Input Resistance 

Drin 

C 

- 

1 

- 

kQ 

Demodulator Differential Input Capacitance 

Dcin 

C 

- 


- 

PF 






































































































































Design Information HFA3724 


AC Electrical Specifications, l/Q Down Converter Individual Performance Full Supply Range, 

Ta = 25°C (Continued) 


(NOTE 28) 

PARAMETER SYMBOL TEST LEVEL MIN TYP MAX 


Demodulator Differential Output Level at 4K Load, 
Input = 200mVp.p 


Demodulator Amplitude Balance 


Demodulator Phase Balance at 200MHz 


Demodulator Phase Balance at 400MHz 


Demodulator Output Compression Voltage at 4K Load 


NOTE: 

28. A = Production Tested, B = Based on Characterization, C = By Design 

AC Electrical Specifications, l/Q Up Converter and LO Individual Performance Full Supply Range, Ta = 25°c 



PARAMETER 

SYMBOL 

(NOTE 29) 

TEST LEVEL 

MIN 

TYP 

MAX 

UNITS 

2XLO Input Frequency Range (2 X Input Range) 

LOinf 

B 

20 

- 

800 

MHz 

2XLO Input Current Range 

LOInz 

C 

50 

200 

300 

PArmS 


2XLO Input Impedance LOz 


Buffered LO Output Voltage, Single Ended BLOout 


Buffered LO Output Impedance I BLOoutZ 


Quadrature IF Modulator Output Frequency Range I QMLOf 


IF Modulator l/Q Input Frequency Range I QMIQf 


IF Modulator Differential l/Q Max Input Voltage QMdi 


IF Modulator Differential l/Q Input Impedance QMIQdz 


IF Modulator Differential Input Capacitance I Mein 


IF Modulator l/Q Amplitude Balance QMIQac 


IF Modulator l/Q Phase Balance at 200MHz QMIQpac 


IF Modulator l/Q Phase Balance at 400MHz QMIQpl 


IF Modulator Output at SSB Into 50Q, I and Q, SOOmVp.p QMlFo 


IF Modulator Carrier Suppression (LO Buffer Enabled) QMCs 


IF Modulator Carrier Suppression (LO Buffer Disabled) QMCs1 


IF Modulator SSB Sideband Suppression at 200MHz QMSSBs 


IF Modulator SSB Sideband Suppression at 400MHz QMSSBs 


IF Output Level Compression Point QMIFP1 


IF Modulator Intermodulation Suppression QMIMsup 


NOTE: 

29. A = Production Tested, B = Based on Characterization, C By Design 



Q 


mVp.p 




MHz 


MHz 


Vp.p 


kO 


PF 


dB 


Degrees 


Degrees 


dBm 


dBc 


dBc 


dBc 


dBc 


Vp.p 


dBc 
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Design Information HFA3724 


TABLE 4. QUADRATURE MODULATOR S22 PARAMETER 



FREQUENCY 

S22 

50MHz 

0.99 

-2.8® 

100MHz 

0.98 

6 > 

200MHz 

0.96 

-12.3® 

300MHz 

0.87 

-25.1® 

400MHz 

0.82 

-30.8® 





AC Electrical Specifications, TX Buffer Individual Performance FuH Supply Range, Ta 25^c 



(NOTE 30) 

PARAMETER SYMBOL TEST LEVEL 


TX LPF Buffer Serial Data Rate 


TX LPF Buffer Digital Input impedance 


NOTE: 

30. A B Production Tested, B = Based on Characterization, C - By Design 

AC Electrical Specifications, RX/TX 5TH Order LPF Individual Performance Full Supply Range, Ta = 


PARAMETER 


TX/RX LPF 3dB Bandwidth, SeiO r: 0. Sell » 0 


TX/RX LPF 3dB Bandwidth, SelO = 1, Sell = 0 


TX/RX LPF 3dB Bandwidth, SelO = 0, Sell = 1 


TX/RX LPF 3dB Bandwidth, SelO * 1, Sell =* 1 


TX/RX LPF SelO, Sell Tuning Speed 


TX/RX LPF 3dB Bandwidth Tuning 


LPF Tune Nominal Resistance 


RX LPF Voltage Gain 


(NOTE 31) 

SYMBOL TEST LEVEL 


LPF3dbO 


LPF3db1 


LPF3db2 


LPF3db3 


LPFsp 


LPFtu 


LPFTr 


LPFg 


RX LPF Single Ended Output Voltage Swing at 2kO Load I LPFRXar 


RX LPF Differential Input Impedance I LPFRXzl 


TX LPF Differential Digital Output Voltage Swing at 4kO LPFTXo 
Load 


TX/RX I/O Channel Amplitude Match LPFIQm 


TX/RX l/Q Channel Phase Match LPFIQpm 


TX/RX LPF Total Harmonic Distortion LPFTHD 


NOTE: 

31. A s Production Tested, B = Based on Characterization, C By Design 



MIN 

TYP 

MAX 

1.8 

2.20 

El 

3.6 

4.40 

4.8 

wm 

8.80 

9.6 


17.60 

19.2 
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SEMICONDUCTOR 


HSP3824 


January 1997 


Direct Sequence Spread Spectrum 
Baseband Processor 


Features 

• Complete DSSS Baseband Processor 

• High Data Rate.up to 4 MBPS 

• Processing Gain..up to 12dB 

• Programmable PN Code .up to 16 Bits 

• Ultra Small Package. 7x7x 1mm 

• Single Supply Operation (33MHz Max).. 2.7V to 5.5V 

• Single Supply Operation (44MHz Max).. 3.3V to 5.0V 

• Modulation Method.DBPSKorDQPSK 

• Supports Full or Half Duplex Operations 

• On-Chip A/D Converters for l/Q Data (3-Bit, 44 MSPS) 
and RSSI (6-Bit, 2 MSPS) 

Applications 

• Systems Targeting IEEE802.11 Standard 

• DSSS PCMCIA Wireless Transceiver 

• Spread Spectrum WLAN RF Modems 

• TDMA Packet Protocol Radios 

• Part 15 Compliant Radio Links 

• Portable Bar Code Scanners/POS Terminal 

• Portable PDA/Notebook Computer 

• Wireless Digital Audio 

• Wireless Digital Video 

• PCN/Wireless PBX 


Description 

The Harris HSP3824 Direct 
I I Sequence (DSSS) baseband pro- 
J cessor is part of the PRISM^*^ 
/ 2.4GHz radio chipset, and contains 
ail the functions necessary for a full or half duplex packet 
baseband transceiver. 

The HSP3824 has on-board ADC’s for analog I and Q Inputs, for 
which the HFA3724 IF QMODEM is recommended. Differential 
phase shift keying modulation schemes DBPSK and DQPSK, 
with optional data scrambling capability, are combined with a pro¬ 
grammable PN sequence of up to 16 bits. Built-in flexibility allows 
the HSP3824 to be configured through a general purpose control 
bus, for a wide range of applications. A Receive Signal Strength 
Indicator (RSSI) monitoring function with on-board 6-blt 2 MSPS 
ADC provides Clear Channel Assessment (CCA) to avoid data 
collisions and optimize network throughput. The HSP3824 is 
housed in a thin plastic quad flat package (TQFP) suitable for 
PCMCIA board applications. 

Ordering Information 


PART NO. I RANGE (®C) I PKG. TYPE 


HSP3824VI 

-40 to 85 

48 Ld TQFP 

048.7x7 


HFA3824VI96 


Tape and Reel 



CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1C Handling Procedures. 
Copyright © Harris Corporation 1997 

PRISM™ and the PRISM™ logo are Trademarks of Harris Corporation 3-64 
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TYPICAL TRANSCEIVER APPLICATION CIRCUIT USING THE HSP3824 

NOTE: Required for systems targeting 802.11 specifications. 


For additional information on the PRISM^^ chip set, call The four-digit file numbers are shown In Typical Application 
(407) 724-7800 to access Harris’ AnswerFAX system. When Diagram, and correspond to the appropriate circuit, 
prompted, key in the four-digit document number (File #) of 
the datasheets you wish to receive. 
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HSP3824 


Pin Description 


PIN 

TYPE I/O 

DESCRIPTION 



Vdd (Analog) 10,18,20 


Vdd (Digital) 7,21,29,42 


GND (Analog) 11,15,19 


GND (Digital) 6,22,31,41 



Power I DC power supply 2.7V - 5.5V 


DC power supply 2.7V - 5.5V 


Ground DC power supply 2.7V - 5.5V, ground. 


DC power supply 2.7V - 5.5V, ground. 


“Negative” voltage reference for ADC’s (I and Q) [Relative to Vp^pp] 


“Positive” voltage reference for ADC’s (I, Q and RSSI) 


Analog input to the internal 3-bit A/D of the In-phase received data. 


Analog input to the internal 3-bit A/D of the Quadrature received data. 


Receive Signal Strength indicator Analog input. 


This signal is used internally as part of the I and Q ADC calibration circuit. When the 
ADC calibration circuit is active, the voltage references of the ADCs are adjusted to 
maintain the outputs of the ADCs in their optimum range. A logic 1 on this pin indicates 
that one or both of the ADC outputs are at their full scale value. This signal can be 
integrated externally as a control voltage for an external AGC. 


When active, the transmitter is configured to be operational, othenvise the transmitter 
is in standby rTK>de. TX_PE is an input from the external Media Access Controller 
(MAC) or network processor to the HSP3824. The rising edge of TX_PE will start the 
internal transmit state machine and the faiiing edge witi inhibit the state machine. 
TX_PE envelopes the transmit data. 


TXD is an input, used to transfer serial Data or Preamble/Header information bits from 
the MAC or network processor to the HSP3824. The data Is received serially with the 
LSB first. The data is clocked in the HSP3824 at the falling edge of TXCLK. 


TXCLK is a clock output used to receive the data on the TXD from the MAC or network 
processor to the HSP3824, synchronously. Transmit data on the TXD bus is clocked 
into the HSP3824 on the falling edge. The clocking edge is also programmable to be 
on either phase of the clock. The rate of the clock will be depending upon the 
modulation type and data rate that is programmed in the signalling field of the header. 


When the HSP3824 is configured to generate the preamble and Header information 
internally, TX_RDY is an output to the external network processor indicating that 
Preamble and Header Information has been generated and that the HSP3824 is ready 
to receive the data packet from the network processor over the TXD serial bus. The 
TX_RDY returns to the inactive state when the TX_PE goes inactive Indicating the end 
of the data transmission. TX_RDY is an active high signal. This signal is meaningful 
only when the HSP3824 generates its own preamble. 


Clear Channel Assessment (CCA) is an output used to signal that the channel is clear 
to transmit. The CCA algorithm is user programmable and makes Its decision as a 
function of RSSI, Energy detect (ED), Carrier Sense (CRS) and the CCA watch dog 
timer. The CCA algorithm and its programmable features are described in the data 
sheet. 

Logic 0 s Channel is clear to transmit. 

Logic 1 = Channel Is NOT clear to transmit (busy). 

NOTE: This polarity Is programmable and can be Inverted. 


RXD Is an output to the external network processor transferring demodulated Header 
information and data in a serial format. The data Is sent serially with the LSB first. The 
data is frame aligned with MD_RDY. 


RXCLK is the clock output bit clock. This clock is used to transfer Header information 
and data through the RXD serial bus to the network processor. This clock reflects the 
bit rate in use.RXCLK will be held to a logic “0” state during the acquisition process. 
RXCLK becomes active when the HSP3824 enters in the data mode. This occurs once 
bit sync is declared and a valid signal quality estimate is made, when comparing the 
programmed signal quality thresholds. 
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HSP3824 



Pm Description (Continued) 


NAME 

PIN 

TYPE I/O 

DESCRIPTION 

MD_RDY 

34 

0 

MD_RDY is an output signal to the network processor, indicating a data packet is 
ready to be transferred to the processor. MD_RDY is an active high signal and it 
envelopes the data transfer over the RXD serial bus. MD_RDY returns to its inactive 
state when there Is no more receiver data, when the programmable data length 
counter reaches its value or when the link has been interrupted. MD_RDY remains 
inactive during preamble synchronization. 

RX_PE 

33 

I 

When active, receiver is configured to be operational, othenvise receiver is in standby 
mode. This is an active high Input signal. 

ANTSEL 

27 

0 

The antenna select signal changes state as the receiver switches from antenna to 
antenna during the acquisition process in the antenna diversity mode. 

SD 

25 

I/O 

SD is a serial bi-directional data bus which is used to transfer address and data to/from 
the internal registers. The bit ordering of an 8-bit word is MSB first. The first 8 bits 
during transfers indicate the register address immediately followed by 8 more bits 
representing the data that needs to be written or read at that register. 

SCLK 

24 

I 

SCLK is the clock for the SD serial bus.The data on SD is clocked at the rising edge. 
SCLK is an input clock and It is asynchronous to the internal master clock (MCLK)The 
maximum rate of this clock is 10MHz or the master clock frequency, whichever is 
lower. 

AS 

23 

I 

AS is an address strobe used to envelope the Address or the data on SD. 

Logic 1 = envelopes the address bits. 

Logic 0 = envelopes the data bits. 

R/W 

8 

I 

R/W is an input to the HSP3824 used to change the direction of the SD bus when 
reading or writing data on the SD bus. R/W must be set up prior to the rising edge of 
SCLK. A high level indicates read while a low level is a write. 

CS 

9 

I 

C§ is a Chip select for the device to activate the serial control port.The CS doesn’t 
impact any of the other interface ports and signals, i.e. the TX or RX ports and 
interface signals. This is an active low signal. When inactive SD, SCLK, AS and R/W 
become “don’t care” signals. 

TEST 0-7 

37, 38, 39, 

40, 43, 44, 

45, 46 

0 

This is a data port that can be programmed to bring out internal signals or data for 
monitoring. This data includes: Correlator phase and magnitude, NCO frequency 
offset estimate, and signal quality estimates. Some of the discrete signals available 
include: Carrier Sense (CRS), which becomes active when initial PN acquisition has 
been declared. Energy Detect (ED) which becomes active when the integrated RSSI 
value exceeds the programmable threshold. Both ED and CRS are active high 
signals.These bits are primarily reserved by the manufacturer for testing. A further 
description of the test port is given at the appropriate section of this data sheet. 

TEST_CK 

1 

0 

This is the clock that is used in conjunction with the data that is being output from the 
test bus (TEST 0-7). 

RESET 

28 

I 

Master reset for device. When active TX and RX functions are disabled. If RESET is 
kept low the HSP3824 goes into fhe power standby mode. RESET does not alter any 
of the configuration register values nor it presets any of the registers into default 
values. Device requires programming upon power-up. RESET must be inactive during 
programming of the device. 

MCLK 

30 

I 

Master Clock for device. The maximum frequency of this clock is 44MHz. This is used 
internally to generate all other internal necessary clocks and is divided by 1,2,4, or 8 
for the transceiver clocks. 

■out 

48 

0 

TX Spread baseband I digital output data. Data is output at the programmed chip rate. 

Qqut 

47 

0 

_I 

TX Spread baseband Q digital output data. Data is output at the programmed chip 
rate. 


NOTE: Total of 48 pins; ALL pins are used. 
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HSP3824 


Vdd (ANALOG) 
(10,18,20) 


GND (ANALOG) 
(11,15,19) 


Vdd (DIGITAL) 
(7,21,29,42) 


GND (DIGITAL) 
(6,22,31,41) 


I I PNCODE 
; |11 TO 16-817 

I - 




_^ 

' 1 

' ■ 1 

MF CORRELATOR 




n 

1' 

11 T016-Bnr 


Am REFERENCE 
AND 

LEVEL ADJUST. 


DE-SPREADER/ACQUISmON 


MF CORRELATOR 
11 TO 16-BIT 


PHASE 

ROTATE 

H 

PSK 

DEMOD 



PHASE ,, 
ERROR 

NCO 

- 

LEAD 

/LAG 

FILTER 


DIFF 

DECODER 


n DPSK DEMOD 
I AND AFC 


CLEAR CHANNEL 
ASSESSMENT/ 
SIGNAL QUALITY 

SIGNAL 



QUALITY 


ff o 

AND 


qX 

RSSI 


< cc 

V> 1- 

r “ - 

' — 

- 1 


DPSK MODULATOR 


XOR 


X 

—V 


, 1 

i 

V-1 

I 

" 1 

"CE 

XOR 

1 1 1 Q 

1 1 

1 1 

1 k-; 

MUX CLK 
FOR DQPS 
1CH ONLY FOR 

PN GENERATOR 

,1 

PNCODE 1 

CHIP RATE 

n 

11 T016-BIT| 


DIFFERENTIAL 

ENCODER 

b(t)JT 71 bJt-l) 


RX_DATA 

DESCRAMBLER 


TX_DATA 

SCRAMBLER 


TIMING 

GENERATOR 

MCLK 


(1) (37) (38) (39) (40) (43) (44) (45) (46) 

TEST_CK ® CM«^u>«oh- 

k lo loteiolocolo 

ill Qj ujijjijjyjmiu 


► (36) RXCLK 


-(33) RX_PE 

► (35)RXD 

► (34)MD_RDY 


► (5)TX_RDY 
•^(4)TXCLK 
-(3)TXD 
-(2)TX_PE 


► (25) SD 
-(24) SCLK 
-(23) AS 
-(8)R/W 
-(9)CS 


FIGURE 1. DSSS BASEBAND PROCESSOR 
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HSP3824 


External Interfaces 


Control Port 


There are three primary digital interface ports for the 
HSP3824 that are used for configuration and during normal 
operation of the device. These ports are: 

• The TX Port, which is used to accept the data that needs 
to be transmitted from the network processor. 

• The RX Port, which is used to output the received demod¬ 
ulated data to the network processor. 

• The Control Port, which is used to configure, write and/or 
read the status of the internal HSP3824 registers. 

In addition to these primary digital interfaces the device 
includes a byte wide parallel Test Port which can be configured 
to output various internal signals and/or data (i.e. PN acquisi¬ 
tion indicator. Correlator magnitude output etc.). The device can 
also be set into various power consumption modes by external 
control. The HSP3824 contains three Analog to Digital (A/D) 
converters. The analog interfaces to the HSP3824 Include, the 
In phase (I) and quadrature (Q) data component inputs, and the 
RF signal strength indicator input. A reference voltage divider is 
also required external to the device. 

HSP3824 


ANALOG 
INPUTS ' 


A/D 

REFERENCE ' 


POWER 
DOWN < 
SIGNALS 


1 (ANALOG) 


Q (ANALOG) 

TXD 

RSSI (ANALOG] 

TXCLK 


TX RDY 

Vrefn 

RXD 

Vrefp 

RXC 


MD RDY 

TX PE 

CS 

RX_PE 

SD 

RESET 

SCLK 


R/W 

TEST 

AS 


► CONTROL_PORT 


FIGURE 2. EXTERNAL INTERFACES 


The serial control port is used to serially write and read data to/ 
from the device. This serial port can operate up to a 10MHz 
rate or the maximum master clock rate of the device, M CLK 
(whichever Is lower). MCLK must be running and RESET Inac¬ 
tive during programming. This port is used to program and to 
read all internal registers. The first 8 bits always represent 
the address followed immediately by the 8 data bits for that 
register. The two LSBs of address are don’t care. The serial 
transfers are accomplished through the serial data pin (SD). 
SD is a bidirectional serial d ata bu s. /^Address Strobe (AS), 
Chip Select (CS), and Read/Write (R/W) are also required as 
handshake signals for this port. The clock used in conjunction 
with the address and data on SD is SCLK. This clock is pro¬ 
vided by the external source and it is an input to the 
HSP3824. The timing relationships of these signals are Illus¬ 
trated on Figure 3 and 4. ^ is active high during the clock¬ 
ing of the address bits. R/W is high when data is to be read, 
and low when it is to be written. CS must be active (low) dur¬ 
ing the entire data transfer cycle. CS selects the device. The 
serial control port operates asynchronously from the TX and 
RX ports and it can accomplish data transfers independent 
of the activity at the other digital or analog ports. CS does 
not effect the TX or RX operation of the device; impacting 
only the operation of the Control port. The HSP3824 has 57 
internal registers that can be configured through the control 
port. These registers are listed in the Configuration and Con¬ 
trol Internal Register table. Table 1 lists the configuration reg¬ 
ister number, a brief name describing the register, and the 
HEX address to access each of the registers. The type indi¬ 
cates whether the corresponding register is Read only (R) or 
Read/Write (R/W). Some registers are two bytes wide as 
indicated on the table (high and low bytes). 


r - FIRST ADDRESS BIT IN f 

7 6 5 4 3 2 1 ^0 


FIRST DATABIT OUT 

7654321 07654 


jmjxiTTiJinjiJiJuui^^ 


SY4Y3Y2Y1XY7Y6Y5X4Y3Y2X1X0] 


' MSB ADDRESS IN 


; MSB DATA OUT 


NOTES: 

1. Using falling edge SCLK to generate address/control and capture read data. 

2. The CS is a synchronous interface in reference to SCLK. There is at least one clock required before ^ transitions to its active state. 

FIGURE 3. CONTROL PORT READ TIMING 

76543210765432107654 

•MSB ADDRESS IN 'MSB DATA IN LSB, 

AS IJ-K i- 


NOTE: Using falling edge SCLK to generate address/control and data. 

FIGURE 4. CONTROL PORT WRITE TIMING 
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TABLE 1. CONFIGURATION AND CONTROL INTERNAL REGISTER LIST 


CONFIGURATION 



REGISTER 

REGISTER 

NAME 

TYPE 

ADDRESS HEX 

CRO 

Modem Config. Register A 

R/W 

00 

CR1 

Modem Config. Register B 

RAA/ 

04 

CR2 

Modem Config. Register C 

R/W 

08 

CR3 

Modem Config. Register D 

R/W 

OC 

CR4 

internal Test Register A 

RM 

10 

CR5 

Internal Test Register B 

RPM 

14 

CR6 

Internal Test Register C 

R 

18 

CRT 

Modem Status Register A 

R 

1C 

CR8 

Modem Status Register B 

R 

20 

CR9 

I/O Definition Register 

RA/V 

24 

CR10 

RSSI Value Register 

R 

28 

CR11 

ADC_CAL_POS Register 

R/W 

2C 

CR12 

ADC_CAL_NEG Register 

R/W 

30 

CR13 

TX_Spread Sequence (High) 

R/W 

34 

CR14 

TX_Spread Sequence (Low) 

R/W 

38 

CR15 

Scramble_Seed 

R/W 

3C 

CR16 

Scramble_Tap (RX and TX) 

R/W 

40 

CR17 

CCA_Timer_TH 

R/W 

44 

CR18 

CCA_Cycle_TH 

RA/V 

48 

CR19 

RSSLTH 

R/W 

4C 

CR20 

RX_Spread Sequence (High) 

R/W 

50 

CR21 

RX_Spread Sequence (Low) 

R/W 

54 

CR22 

RX_SQ1_ ACQ (High) Threshold 

RAA/ 

58 

CR23 

RX-SQ1_ ACQ (Low) Threshold 

R/W 

5C 

CR24 

RX-SQ1_ ACQ (High) Read 

R 

60 

CR25 

RX-SQ1_ ACQ (Low) Read 

R 

64 

CR26 

RX-SQ1_ Data (High) Threshold 

R/W 

68 

CR27 

RX-SQ1 -SQ1_ Data (Low) Threshold 

R/W 

6 C 

CR28 

RX-SQ1_ Data (High) Read 

R 

70 

CR29 

RX-SQ1_ Data (Low) Read 

R 

74 

CR30 

RX-SQ2_ ACQ (High) Threshold 

R/W 

78 

CR31 

RX-SQ2- ACQ (Low) Threshold 

R/W 

7C 

CR32 

RX-SQ2_ ACQ (High) Read 

R 

80 
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TABLE 1. CONFIGURATION AND CONTROL INTERNAL REGISTER LIST (Continued) 


CONFIGURATION 



REGISTER 

REGISTER 

NAME 

TYPE 

ADDRESS HEX 

CR33 

RX.SQ2_ACQ (Low) Read 

R 

84 

CR34 

RX-SQ2_Data (High) Threshold 

R/W 

88 

CR35 

RX-SQ2_Data (Low) Threshold 

R/W 

80 

CR36 

RX-SQ2_Data (High) Read 

R 

90 

CR37 

RX-SQ2_Data (Low) Read 

R 

94 

CR38 

RX_SQ_Read; Full Protocol 

R 

98 

CR39 

Reserved (must load OOh) 

W 

90 

CR40 

Reserved (must load OOh) 

W 

AO 

CR41 

UW_Tlme Out_Length 

R/W 

A4 

CR42 

SIG.DBPSK Field 

R/W 

A8 

CR43 

SIG.DQPSK Field 

R/W 

AO 

CR44 

RX_SER_Fleld 

R 

BO 

CR45 

RX_LEN Field (High) 

R 

B4 

CR46 

RX_LEN Field (Low) 

R 

B8 

CR47 

RX_CRC16 (High) 

R 

BO 

CR48 

RX_CRC16 (Low) 

R 

00 

CR49 

UW (High) 

R/W 

04 

CR50 

UW (Low) 

R/W 

08 

CR51 

TX_SER_F 

R/W 

00 

CR52 

TX_LEN (High) 

R/W 

DO 

CR53 

TX_LEN (LOW) 

R/W 

D4 

CR54 

TX_CRC16 (HIGH) 

R 

D8 

CR55 

TX_CRC16 (LOW) 

R 

DO 

CR56 

TX_PREM_LEN 

RyW 

EO 
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RXPort 

The timing diagram Figure 7 illustrates the relationships 
between the various signals of the RX port. The receive data 
port serially outputs the demodulated data from RXD. The 
data is output as soon as it is demodulated by the HSP3824. 
RX__PE must be at its active state throughout the receive 
operation. When RX_PE is Inactive the device's receive 
functions, including acquisition, will be in a stand by mode. 

RXCLK is an output from the HSP3824 and is the clock for 
the serial demodulated data on RXD. MD_RDY is an output 
from the HSP3824 and It envelopes the valid data on RXD. 
The HSP3824 can be also programmed to ignore error 
detections during the CCITT - CRC 16 check of the header 
fields. If programmed to ignore errors the device continues to 
output the demodulated data in its entirety regardless of the 
CCITT - CRC 16 check result. This option is programmed 
through CR 2, bit 5. 

Note that RXCLK becomes active after acquisition, well 
before valid data begins to appear on RXD and MD_RDY is 
asserted. MD_RDY returns to Its inactive state under the fol¬ 
lowing conditions: 

• The number of data symbols, as defined by the length field 
in the protocol, has been received and output through 
RXD in Its entirety (normal condition). 

• PN tracking is lost during demodulation. 

• RX_PE is deactivated by the external controller. 

MD_RDY can be configured through CR 9, bit 6 to be active 
low, or active high. Energy Detect (ED) pin 45 (Test port), 
and Carrier Sense (CRS) pin 46 (Test port), are available 
outputs from the HSP3824 and can be useful signals for an 
effective RX interface design. Use of these signals is 
optional. CRS and ED are further described within this docu¬ 
ment. The receive port is completely independent from the 
operation of the other interface ports including the TX port, 
supporting therefore a full duplex mode. 


I/Q ADC Interface 

The PRISM baseband processor chip (HSP3824) Includes 
two 3-bit Analog to Digital converters (ADCs) that sample 
the analog input from the IF down converter. The I/Q ADC 
clock, MCLK, samples at twice the chip rate. The maximum 
sampling rate is 44MHz (power supply: 3.3V to 5.0V) or 
33MHz (power supply 2.7V to 5.5V). 

The interface specifications for the I and Q ADCs are listed 
on Table 2 below. 


TABLE 2. I, Q, ADC SPECIFICATIONS 


PARAMETER 

MIN 

TYP 

MAX 

Full Scale Input Voltage (Vp.p) 

0.25 

0.50 

1.0 

Input Bandwidth (-0.5dB) 

- 

20MHz 

- 

Input Capacitance (pF) 

- 

5 

- 

input Impedance (DC) 

SkO 

> 

- 

FS (Sampling Frequency) 

- 

- 

44MHz 


The voltages applied to pin 16,Vrefp ^md pin 17, Vrepn set 
the references for the internal I and Q ADC converters. In 
addition, Vp^pp is also used to set the RSSI ADC converter 
reference. For a nominal 500mVp.p, the suggested Vrefp 
voltage is 1.75V, and the suggested Vrefn ‘s 0.93V. Vrefn 
should never be less than 0.25V. Since these ADCs are 
intended to sample AC voltages, their inputs are biased 
internally and they should be capacitively coupled. 

The ADC section includes a compensation (calibration) cir¬ 
cuit that automatically adjusts for temperature and compo¬ 
nent variations of the RF and IF strips. The variations In gain 
of limiters, AGC circuits, filters etc. can be compensated for 
up to ±4dB. Without the compensation circuit, the ADCs 
could see a loss of up to 1.5 bits of the 3 bits of quantization. 
The ADC calibration circuit adjusts the ADC reference volt¬ 
ages to maintain optimum quantization of the IF input over 
this variation range. It works on the principle of setting the 
reference to insure that the signal is at full scale (saturation) 
a certain percentage of the time. Note that this is not an 
AGC and it will compensate only for slow variations in signal 
levels (several seconds). 


n jinnn[\,nnnnnnnn__ 



NOTE: MD_RDY active after CRC16. 


FIGURE 7. RX PORT TIMING 
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The procedure for setting the ADC references to accommo’ 
date various input signal voltage levels is to set the reference 
voltages so that the ADC calibration circuit is operating at 
half scale. This leaves the maximum amount of adjustment 
room for circuit tolerances. 

Figure 8 illustrates the suggested interface configuration for 
the ADCs and the reference circuits. 


TABLES. ADC CALIBRATION 

5T ADC CALIBRATION CIRCUIT 

T1_ CONFIGURATION _ 

0 Automatic real time adjustment of reference. 

1 Reference set at mid scale. 

0 Reference held at most recent value. 

1 Reference set at mid scale. 


3.9K 0.01 




FIGURE 8. INTERFACES 

ADC Calibration Circuit and Registers 

The ADC compensation or calibration circuit is designed to 
optimize ADC performance for the I and Q inputs by main¬ 
taining the full 3-bit resolution of the outputs. There are two 
registers (CR 11 AD_CAL_POS and CR 12 AD_CAL_NEG) 
that set the parameters for the internal I and Q ADC calibra¬ 
tion circuit. 

Both I and Q ADC outputs are monitored by the ADC calibra¬ 
tion circuit and if either has a full scale value, a 24-bit accu¬ 
mulator is incremented as defined by parameter 
AD_CAL_POS. If neither has a full scale value, the accumu¬ 
lator is decremented as defined by parameter 
AD_CAL_NEG. 

A loop gain reduction is accomplished by using only the 5 
MSBs out of the 24 bits to drive a D/A converter that adjusts 
the ADCs reference. The compensation adjustment is 
updated at 2kHz rate for a 2 MBPS operation. The ADC cali¬ 
bration circuit is only intended to remove slow component 
variations. 

The ratio of the values from the two registers CR11 and 
CR12 set the probability that either the I or Q ADC converter 
will be at the saturation. The probability Is set by 
(AD_CAL_POS)/(AD_CAL_NEG). 

This also sets the levels so that operation with either NOISE 
or DPSK is approximately the same. It is assumed that the 
RF and IF sections of the receiver have enough gain to 
cause limiting on thermal noise. This will keep the levels at 
the ADC approximately same regardless of whether signal is 
present or not. 

The ADC calibration voltage is automatically held during 
transmit in half duplex operation. 

The ADC calibration circuit operation can be defined through 
CR 1, bits 1 and 0. Table 3 illustrates the possible 
configurations. 


RSSI ADC Interface 

The Receive Signal Strength Indication (RSSI) analog signal is 
input to a 6-bit ADC, indicating 64 discrete levels of received 
signal strength. This ADC measures a DC voltage, so its input 
must be DC coupled. Pin 16 (Vrefp) sets the reference for the 
RSSI ADC converter. Vrefp's common for the I and Q and 
RSSI ADCs. The RSSI signal is used as an input to the pro¬ 
grammable Clear Channel Assessment algorithm of the 
HSP3824. The RSSI ADC output is stored in an 8-bit register 
(CR10) and it is updated at the symbol rate for access by the 
external processor to assist in network management. 

The interface specifications for the RSSI ADC are listed on 
Table 4 below (Vrefp = 1-75V). 

TABLE 4. RSSI ADC SPECIFICATIONS 


MIN TYP MAX 

1.15 


PARAMETER 

MIN 

Full Scale Input Voltage 

- 

Input Bandwidth (0.5dB) 

1MHz 

input Capacitance 

- 

Input Impedance (DC) 

1M 


Test Port 

The HSP3824 provides the capability to access a number of 
internal signals and/or data through the Test port, pins TEST 
0-7. In addition pin 1 (TEST_CK) is an output clock that can 
be used In conjunction with the data coming from the test 
port outputs. The test port Is programmable through configu¬ 
ration register (CR5). 

There are 9 test modes assigned to the PRISM test port 
listed in the Test Modes Table 5. 

TABLE 5. TEST MODES 


DESCRIPTION 

TEST_CLK 

TEST (7:0) 

Normal 

Operation 

TXCLK 

CRS, ED, “000”, Initial 
Detect, Reserved (1:0) 

Correlator Test 
Mode 

TXCLK 

Mag (7:0) 

Frequency Test 
Mode 

DCLK 

Frq Reg (7:0) 

Phase Test 

Mode 

DCLK 

Phase (7:0) 

NCO Test Mode 

DCLK 

NCO Phase Accum Reg 

SQ Test Mode 

LoadSQ 

SQ2 (15:8) Phase 
Variance 

Bit Sync Test 
Model 

RXCLK 

Bit Sync Accum (7:0) 

Bit Sync Test 
Mode 2 

LoadSQ 

SQ(14:7) Bit Sync Ref- 
Data 
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TABLE 5. TEST MODES (Continued) 


MODE 

DESCRIPTION 

TEST_CLK 

TEST (7:0) 

8 

A/D Cal Test 
Mode 

A/D 

CAL_CK 

CRS, ED. “0”, ADCal (4:0) 

9 

Reserved 



10 

(OAh) 

Reserved 



11 

Reserved 



12 

Reserved 



13 

Reserved 



14 

Reserved 



15 

Resented 




Definitions 

Normal - Device in the full protocol mode (Mode 3). 

TXCLK - Transmit clock (PN rate). 

Initial Detect > Indicates that Signal Quality 1 and 2 (SQ1 
and SQ2) exceed their programmed thresholds. Signal qual¬ 
ities are a function of phase error and correlator magnitude 
outputs. 

ED - energy detect indicates that the RSSI value exceeds its 
programmed threshold. 

CRS > indicates that a signal has been acquired (PN acquisi¬ 
tion). 

Mag - Magnitude output from the correlator. 

DCLK - Data symbol clock. 

FrqReg - Contents of the NCO frequency register. 

Phase - phase of signal after carrier loop correction. 

NCO PhaseAccumReg - Contents of the NCO phase accu¬ 
mulation register. 

LoadSQ - Strobe that samples and updates Signal Quality, 
SQ1 and SQ2 values. 

SQ2 - Signal Quality measure #2. Signal phase variance 
after removal of data, 8 MSBs of most recent 16-blt stored 
value. 

RXCLK - Receive clock (RX sample clock). Nominally 22MHz. 

BitSyncAccum - Real time monitor of the bit synchroniza¬ 
tion accumulator contents, mantissa only. 


SQ 1 - Signal Quality measure # 1 . Contents of the bit sync 
accumulator 8 MSBs of most recent 16-bit stored value. 

A/D_CaLck - Clock for applying A/D calibration corrections. 

ADCal - 5-blt value that drives the D/A adjusting the A/D ref¬ 
erence. 

Externai AGO Controi 

The ADC cal output (pin 26) Is a binary signal that fluctuates 
between logic levels as the signals in the I and Q channels 
are either at full scale or not. If the input level is too high, this 
output will have a higher duty cycle, and visa versa. Thus, 
this signal could be integrated with an R-C filter to develop 
an AGC control voltage. The AGC feedback should be 
designed to drive it to 50% duty cycle. In the case that an 
external AGC is in use then the ADC calibration circuit must 
not be programmed for automatic level adjustment. 

Power Down Modes 

The power consumption modes of the HSP3824 are con¬ 
trolled by the following control signals. 

Receiver Power Enable (RX_PE,pin 33), which disables the 
receiver when Inactive. 

Transmitter Power Enable (TX_PE, pin 2), which disables the 
transmitter when inactive. 

Reset (RESET, pin 28), which puts the receiver In a sleep 
mode when it is asserted at least 2 MCLKs after RX_PE is 
set at its inactive state. The power down mode where, both 
RESET and RX_PE are used is the lowest possible power 
consumption mode for the receiver. Exiting this mode 
requires a maximum of lOps before the device Is back at Its 
operational mode. 

The contents of the Configuration Registers is not effected 
by any of the power down modes. The external processor 
does not have access and cannot modify any of the CRs 
during the power down modes. No reconfiguration is 
required when returning to operational modes. 

Table 6 describes the power down modes available for the 
HSP3824 (V 0 Q = 3.5V). The table values assume that all 
other inputs to the part (MCLK, SCLK, etc.) continue to run 
except as noted. 


TABLE 6. POWER DOWN MODES 


RX_PE 

TX_PE 

RESET 

22MHz 

44MHz 

DEVICE STATE 

inactive 

Inactive 

Active 

3.5mA 

7mA 

Both transmit and receive functions disabled. Device in sleep mode. 
Control Interface is still active. Register values are maintained. De¬ 
vice will return to its active state within lOps. 

inactive 

Inactive 

Inactive 

37mA 

50mA 

Both transmit and receive operations disabled. Device will become in 
its active state within Ips. 

inactive 

Active 

Inactive 

37mA 

50mA 

Receiver operations disabled. Receiver will return in its active state 
within Ips. 

Active 

Inactive 

Inactive 

42mA 

62mA 

Transmitter operations disabled. Transmitter will return to Its active 
state within 2 MCLKs. 

1 Ice Standby 

300pA 

All inputs at Vqq or GND. 
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Reset 


The RESET signal is used during the power down mode as 
described In the Power Down Mode section. The RESET 
does not impact any of the internal configuration registers 
when asserted. Reset does not set the device in a default 
configuration, the HSP3824 must always be programmed on 
power up. The HSP3824 must be programmed with RESET 
inactive. 

Transmitter Description 

The HSP3824 transmitter is designed as a Direct Sequence 
Spread Spectrum DBPSK/DQPSK modulator. It can handle 
data rates of up to 4 MBPS (refer to AC and DC specifica¬ 
tions). The major functional blocks of the transmitter include 
a network processor interface, DBPSK/DQPSK modulator, a 
data scrambler and a PN generator, as shown on Figure 9. 

The transmitter has the capability to either generate its own 
synchronization preamble and header or accept the pream¬ 
ble and header information from an external source. In the 
first case, the transmitter knows when to make the DBPSK 
to DQPSK switchover, as required. 

The preamble and header are always transmitted as DBPSK 
waveforms while the data packets can be configured to be 
either DBPSK or DQPSK. The preamble Is used by the 
receiver to achieve initial PN synchronization while the 
header includes the necessary data fields of the communi¬ 
cations protocol to establish the physical layer link. There is 
a choice of four potential preamble/header formats that the 
HSP3824 can generate internally. These formats are 
referred to as mode 0,1,2 and 3. Mode 0 uses the minimum 
number of available header fields while mode 3 is a full pro¬ 
tocol mode utilizing all available header fields. The number 
of the synchronization preamble bits is programmable. 


The transmitter accepts data from the external source, 
scrambles It, differentially encodes It as either DBPSK or 
DQPSK, and mixes it with the BPSK PN spreading. The 
baseband digital signals are then output to the external IF 
modulator. 

The transmitter includes a programmable PN generator that 
can provide 11,13,15 or 16 chip sequences. The transmitter 
also contains a programmable clock divider circuit that 
allows for various data rates. The master clock (MCLK) can 
be a maximum of 44MHz. 

The chip rates are programmed through CR3 for TX and 
CR2 for RX. In addition the data rate is a function of the 
sample clock rate (MCLK) and the number of PN bits per 
symbol. 

The following equations show the Symbol rate for both TX 
and RX as a function of MCLK, Chips per symbol and N. 

N is a programmable parameter through configuration regis¬ 
ters CR 2and CR 3. The value of N is 2, 4, 8 or 16. N is used 
internally to divide the MCLK to generate other required 
clocks for proper operation of the device. 

Symbol Rate = MCLK/(N x Chips per Symbol). 

The bit rate Table 7 shows examples of the relationships 
expressed on the symbol rate equation. 

The modulator is capable of switching rate automatically in 
the case where the preamble and header information are 
DBPSK modulated, and the data is DQPSK modulated. 

The modulator is completely independent from the demodu¬ 
lator, allowing the PRISM baseband processor to be used in 
full duplex operation. 


CONTROL PORT- 


PACKET 

TX PORT—► FORMAT/ 
CRC-16 



FIGURE 9. MODULATOR DIAGRAM 
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TABLE 7. BIT RATE TABLE EXAMPLES FOR MCLK = 44MHz 


DATA 

MODULATION 

ADC SAMPLE 
CLOCK 
(MHz) 

TXSETUPCR3 
BITS 4, 3 

RX SET UP 

CR 2 BITS 4,3 

DATA RATE 
FOR 11 
CHIPSmiT 
(MBPS) 

DATA RATE 
FOR 13 
CHIPS/BIT 
(MBPS) 

DATA RATE 
FOR 15 
CHIPSmiT 
(MBPS) 

DATA RATE 
FOR 16 
CHIPS/BIT 
(MBPS) 

DQPSK 

44 

00 (N = 2) 

00 

4 

3.385 

2.933 

2.75 

DQPSK 

22 

01 (N = 4) 

01 

2 

1.692 

1.467 

1.375 

DQPSK 

11 

00 

II 

Z 

o 

10 

1 

0.846 

0.733 

0.688 

DQPSK 

5.5 

11 (N = 16) 

11 

0.5 

0.423 

0.367 

0.344 

DBPSK 

44 

00 (N = 2) 

00 

2 

1.692 

1.467 

1.375 

DBPSK 

22 

01 (N = 4) 

01 

1 

0.846 

0.733 

0.688 

DBPSK 

11 

00 

II 

Z 

o 

10 

0.5 

0.423 

0.367 

0.344 

DBPSK 

5.5 

1 11(N = 16) 1 

11 

0.25 

0.212 

0.183 

0.171 


Header/Packet Description 

The HSP3824 is designed to handle continuous or pack- 
etized Direct Sequence Spread Spectrum (DSSS) data 
transmissions. The HSP3824 can generate its own preambie 
and header information or it can accept them from an exter- 
nai source. 

When preambie and header are internally generated the 
device supports a synchronization preamble up to 256 sym¬ 
bols, and a header that can include up to five fields. The pre¬ 
amble size and ail of the fields are programmable. When 
internally generated the preamble is aii 1 's (before entering 
the scrambler). The actual transmitted pattern of the pream¬ 
bie will be randomized by the scrambler if the user chooses 
to utilize the data scrambiing option. 

When the preambie is externaiiy generated the user can 
choose any desirable bit pattern. Note though, that if the pre¬ 
amble bits will be processed by the scrambler which will alter 
the original pattern unless it is disabled. 

The preambie is always transmitted as a DBPSK waveform 
with a programmable length of up to 256 symbols long. The 
HSP3824 requires at least 126 preamble symbols to acquire 
in a dual antenna configuration (diversity), or a minimum of 
78 preamble symbols to acquire under a single antenna con¬ 
figuration. The exact number of necessary preamble sym¬ 
bols should be determined by the system designer, taking 


into consideration the noise and interference requirements in 
conjunction with the desired probability of detection vs prob¬ 
ability of false alarm for signal acquisition. 

The five available fields for the header are: 

SFD Field (16 Bits) - This field carries the ID to establish 
the link. This is a mandatory field for the HSP3824 to estab¬ 
lish communications. The HSP3824 will not declare a valid 
data packet, even if it PN acquires, unless it detects the spe¬ 
cific SFD. The SFD field is required for both Internal pream¬ 
ble/header generation and External preamble/header 
generation. The HSP3824 receiver can be programmed to 
time out searching for the SFD. The timer starts counting the 
moment that initial PN synchronization has been established 
from the preamble. 

Signal Field (8 Bits) - This field indicates whether the data 
packet that follows the header is modulated as DBPSK or 
DQPSK. In mode 3 the HSP3824 receiver looks at the signal 
field to determine whether it needs to switch from DBPSK 
demodulation into DQPSK demodulation at the end of the 
always DBPSK preamble and header fields. 

Service Field (8 Bits) - This field can be utilized as required 
by the user. 

Length Field (16 Bits -This field indicates the number of 
data symbols contained in the data packet. The receiver can 
be programmed to check the length field In determining 


HEADER 

COUNT 

N (Preamble) + 
16 (Header) Bits 

N (Preamble) + 
32 (Header) Bits 

N (Preamble) + 
48 (Header) Bits 

N (Preamble) + 
64 (Header) Bits 


BIT4 BITS 


Preamble (SYNC) 
N Bits Up to 256) 

SFD 

16 Bits 

Preamble (SYNC) 
N Bits Up to 256) 

SFD 

16 Bits 


Preamble (SYNC) SFD 
N Bits Up to 256) 16 Bits 

Preamble (SYNC) SFD 
N Bits Up to 256) 16 Bits 


fLength Field TCRC16 


Signal Field Service Field I Length Field CRC16 


FIGURE 10. PREAMBLE/HEADEAR MODES 
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when it needs to de-assert the MD_RDY interface signal. 
MD.RDY envelopes the received data packet as it is being 
output to the external processor. 

CCITT - CRC 16 Field (16 Bits) - This field includes the 16- 
bit CCITT - CRC 16 calculation of the five header fields. This 
value is compared with the CCITT - CRC 16 code calculated 
at the receiver. The HSP3824 receiver can be programmed 
to drop the link upon a CCITT - CRC 16 error or it can be 
programmed to ignore the error and to continue with data 
demodulation. 

The CRC or cyclic Redundancy Check is a CCITT CRC-16 
FCS (frame check sequence), it is the ones compliment of 
the remainder generated by the modulo 2 division of the pro¬ 
tected bits by the poiynominal: 


The protected bits are processed in transmit order. All CRC 
calculations are made prior to data scrambling. A shift regis¬ 
ter with two taps is used for the calculation. It is preset to ail 
ones and then the protected fields are shifted through the 
register. The output Is then complimented and the residual 
shifted out MSB first. 

When the HSP3824 generates the preamble and header Inter¬ 
nally it can be configured into one of four link protocol modes. 

Mode 0 - In this mode the preamble is programmable up to 256 
bits (all Ts) and the SFD field is the only field utilized for the 
header. This mode only supports DBPSK transmissions for the 
entire packet (preamble/header and data). 

Mode 1 - in this mode the preamble is programmable up to 256 
bits (all 1's) and the SFD and CCITT - CRC 16 fields are used 
for the header. The data that follows the header can be either 
DBPSK or DQPSK. The receiver and transmitter must be pro¬ 
grammed to the proper modulation type. 

Mode 2 - In this mode the preamble is programmable up to 256 
bits (all 1's) and the SFD, Length Field, and CCITT - CRC 16 
fields are used for the header. The data that follows the header 
can be either DBPSK or DQPSK. The receiver and transmitter 
must be programmed to the proper modulation type. 

Mode 3 - In this mode the preamble is programmable up to 
256 bits (all 1's). The header in this mode is using ail available 
fields. In mode 3 the signal field defines the modulation type of 
the data packet (DBPSK or DQPSK) so the receiver does not 
need to be preprogrammed to anticipate one or the other. In 
this mode the device checks the Signal field for the data 
packet modulation and it switches to DQPSK if it is defined as 
such in the signal field. Note that the preamble and header 
are always DBPSK the modulation definition applies only for 
the data packet. This mode is called the full protocol mode in 
this document. 

Figure 10 summarizes the four preamble/head or modes. In the 
case that the device is configured to accept the preamble and 
header from an external source It still needs to be configured In 
one of the four modes (0:3). Even though the HSP3824 trans¬ 
mitter does not generate the preamble and header information 
the receiver needs to know the mode in use so it can proceed 


with the proper protocol and demodulation decisions. 

The following Configuration Registers (CR)are used to program 
the preambie/header functions, more programming details 
about these registers can be found in the Control Registers 
section of this document: 

CR 0 - Defines one of the four modes (bits 4, 3) for the TX. 
Defines whether the .SFD timer Is active (bit 2). Defines whether 
the receiver should stop demodulating after the number of sym¬ 
bols Indicated in the Length field has been met. 

CR 2 - Defines to the receiver one of the four protocol modes 
(bits 1, 0). Indicates whether any detected CCITT - CRC 16 
errors need to reset the receiver (return to acquisition) or to 
Ignore them and continue with demodulation (bit 5). Specifies a 
128-bit preamble or an 80-bit preamble (bit 2 ). 

CR 3 - Defines internal or external preamble generation (bit 2). 
Indicates to the receiver the data packet modulation (bit 0), note 
that in mode 3 the contents of this register are overwritten by 
the information In the received signal field of the header. CR 3 
specifies the data modulation type used to the transmitter (bit 
1). Bit 1 defines the contents of the signaling field in the header 
to indicate either DBPSK or DQPSK modulation. 

CR 41 - Defines the length of time that the demodulator 
searches for the SFD before returning to acquisition. 

CR 42 - The contents of this register indicate that the transmit¬ 
ted data is DBPSK. If CR 4-bit 1 is set to Indicate DBPSK mod¬ 
ulation then the contents of this register are transmitted in the 
signal field of the header. 

CR 43 - The contents of this register Indicates that the transmit¬ 
ted data is DQPSK. If CR 4-blt 1 is set to indicate DQPSK mod¬ 
ulation then the contents of this register are transmitted in the 
signal field of the header. 

CR 44,45,46,47,48 - Status, read only, registers that indicate 
the service field, data length field and CCITT - CRC 16 field val¬ 
ues of the received header. 

CR 49, 50 - Defines the transmit SFD field value of the header. 
The receiver will always search to detect this value before it 
declares a valid data packet. 

CR 51 - Defines the contents of the transmit service field. 

CR 52,53 - Defines the value of the transmit data length field. 
This value includes all symbols following the last header field 
symbol. 

CR 54,55 - Status, read only, registers indicating the calculated 
CCITT - CRC 16 value of the most recently transmitted header. 

CR 56 - Defines the number of preamble synchronization bits 
that need to be transmitted when the preamble is internally 
generated. These symbols are used by the receiver for initial 
PN acquisition and they are followed by the header fields. 

The full protocol requires a setting of 128d = 80h. For other 
applications, in general Increasing the preamble length will 
improve low signal to noise acquisition performance at the cost 
of greater link overhead. For dual receive antenna operation, 
the minimum suggested value is 128d = 80h. For single receive 
antenna operation, the minimum suggested value is 80d = 50h. 
These suggested values Include a 2 symbol TX power amplifier 
ramp up. If an AGC is used, its worst case settling time in sym¬ 
bols should be added to these values. 
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PN Generator Description 

The spread function for this radio uses short sequences. The 
same sequence is appiied to every bit. All transmitted symbols, 
preamble/header and data are always spread by the PN 
sequence at the chip rate. The PN sequence sets the Process¬ 
ing Gain (PG) of the Direct Sequence receiver. The HSP3824 
can be programmed to utilize 11,13,15 and 16 bit sequences. 
Given the length of these programmable sequences the PG 
range of the HSP3824 is: 

From 10.41dB (10 LCX3i(11))to 12.04dB (10 LOG(16)) 

The transmitter and receiver PN sequences can are pro¬ 
grammed independently. This provides additional flexibility to 
the network designer. 

The TX sequence Is set through CR 13 and CR 14 while the 
RX PN sequence is set through CR 20 and CR 21. A maximum 
of 16 bits can be programmed between the pairs of these con¬ 
figuration registers. For TX Registers CR13 and CR14 contain 
the high and low bytes of the sequence for the transmitter. In 
addition Bits 5 and 6 of CR 4 define the sequence length In 
chips per bit. CR 13, CR 14 and CR 4 must all be programmed 
for proper functionality of the PN generator. The sequence is 
transmitted MSB first. When fewer than 16 bits are in the 
sequence, the MSBs are truncated. 

Scrambier and Data Encoder Description 

The data coder the implements the desired DQPSK coding as 
shown In the DQPSK Data Encoder table. This coding scheme 
results from differential coding of the dibits. When used in the 
DBPSK modes, only the 00 and 11 dibits are used. Vector rota¬ 
tion is counterclockwise. 


TABLE 8. DQPSK DATA ENCODER 



The data scrambler is a self synchronizing circuit. It consist 
of a 7-blt shift register with feedback from specified taps of 
the register, as programmed through CR 16. Both transmitter 
and receiver use the same scrambling algorithm. All of the 
bits transmitted are scrambled, including data header and 
preamble. The scrambler can be disabled. 

Scrambling provides additional spreading to each of the 
spectral lines of the spread DS signal. The additional 
spreading due to the scrambling will have the same null to 
null bandwidth, but it will further smear the discrete spectral 
lines from the PN code sequence. Scrambling might be nec¬ 
essary for certain allocated frequencies to meet transmis¬ 
sion waveform requirements as defined by various 
regulatory agencies. 

In the absence of scrambling, the data patterns could con¬ 
tain long strings of ones or zeros. This is definitely the case 
with the a DS preamble which has a stream of up to 256 
continuous ones. The continuous ones would cause the 


spectrum to be concentrated at the discrete lines defined by 
the spreading code and potentially cause interference with 
other narrow band users at these frequencies. Additionally, 
the DS system itself would be moderately more susceptible 
to interference at these frequencies. With scrambling, the 
spectrum is more uniform and these negative effects are 
reduced. In proportion with the scrambling code length. 

Figure 11 illustrates an example of a non scrambled trans¬ 
mission using an 11-bit code with DBPSK modulation with 
alternate Ts and O's as data. The data rate is 2 MBPS while 
the spread rate or chip rate Is at 11 MCPS. The 11 spectral 
lines resulting from the PN code can be clearly seen in Fig¬ 
ure 11. In Figure 12, the same signal Is transmitted but with 
the scrambler being on. In this case the spectral lines have 
been smeared. 


REF-24dBm ATTEN 10dB 



CENTER 280MHz SPAN 50MHz 

RES BW 300kHz VBW 100kHz SWP20m8 

FIGURE 11. UNSCRAMBLED DBPSK DATA OF ALTERNATE 


Vs/O’s SPREAD WITH AN 11>BIT SEQUENCE 


REF -25dBm ATTEN 10dB 



CENTER 280MHz SPAN 50MHz 

RES BW 300kHz VBW 100kHz SWP 20ms 


FIGURE 12. SCRAMBLED DBPSK DATA OF ALTERNATE 
1 Ws SPREAD WITH AN 11-BIT SEQUENCE 

Another reason to scramble is to gain a small measure of pri¬ 
vacy. The DS nature of the signal Is easily demodulated with a 
correlating receiver. Indeed, the data modulation can be 
recovered from one of the discrete spectral lines with a narrow 
band receiver (with a lOdB loss in sensitivity). This means 
that the signal gets little security from the DS spreading code 
alone. Scrambling adds a privacy feature to the waveform that 
would require the listener to know the scrambling parameters 
in order to listen in. When the data Is scrambled It cannot be 
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defeated by listening to one of the scrambling spectral lines 
since the unintentional receiver in this case is too narrow band 
to recover the data modulation. This assumes though that 
each user can set up different scrambling patterns There are 
9 maximal length codes that can be utilized with a generator 
of length 7. The different codes can be used to implement a 
basic privacy scheme. It needs to be clear though that this 
scrambling code length and the actual properties of such 
codes are not a major challenge for a sophisticated intentional 
interceptor to be listening in. This is why we refer to this 
scrambling advantage as a communications privacy feature 
as opposed to a secure communications feature. 

Scrambling is done by a polynomial division using a pre* 
scribed polynomial. A shift register holds the last quotient 
and the output is the exclusive-or of the data and the sum 
of taps in the shift register. The taps and seed are program¬ 
mable. The transmit scrambler seed is programmed by CR 
15 and the taps are set with CR 16. Setting the seed is 
optional, since the scrambler is self-synchronizing and it 
will eventually synchronize with the incoming data after 
flashing the 7 bits stored from the previous transmission. 

Modulator Description 

The modulator is designed to support both DBPSK and 
DQPSK signals. The modulator is capable of automatically 
switching its rate in the case where the preamble and header 
are DBPSK modulated, and the data is DQPSK modulated. 
The modulator can support date rates up to 4 MBPS. The pro¬ 
gramming details of the modulator are given at the introduc¬ 
tory paragraph of this section. The HSP3824 can support data 
rates of up to 4 MBPS (DQPSK) with power supply voltages 
between 3.3V and 5.0V and data rates of up to 3 MBPS with 
supply voltages between 2.7V and 5.5V. 


Clear Channel Assessment (CCA) and 
Energy Detect (ED) Description 

The clear channel assessment (CCA) circuit Implements the 
carrier sense portion of a carrier sense multiple access 
(CSMA) networking scheme. The Clear Channel Assess¬ 
ment (CCA) monitors the environment to determine when it 
is feasible to transmit. The result of the CCA algorithm is 
available in real time through output pin 32 of the device. The 
CCA state machine in the HSP3824 can be programmed as 
a function of RSSi, energy detected on the channel, carrier 
detection, and a number of on board watchdog timers to 
time-out under certain conditions. The CCA can be also 
completely by-passed allowing transmissions independent of 
any channel conditions. The programmable CCA in combi¬ 
nation with the visibility of the various internal parameters 
(i.e. Energy Detection measurement results), can assist an 
external processor in executing algorithms that can adapt to 
the environment. These algorithms can increase network 
throughput by minimizing collisions and reducing transmis¬ 
sions liable to errors. 

There are two measures that are used in the CCA assess¬ 
ment. The receive signal strength (RSSI) which measures 
the energy at the antenna and the carrier sense (CS), which 
is triggered upon valid PN correlation of the baseband pro¬ 
cessor (HSP3824). Both indicators are used since interfer¬ 
ence can trigger the signal strength indication, but it will not 
trigger the carrier sense. The carrier sense, however, is 
slower to respond than the signal strength and It becomes 
active only when a spread signal with identical PN code has 
been detected, so it is not adequate in itself. Note that the 
CS is also vulnerable to false alarms. The CCA looks for 
changes in these measurements and decides its state based 
on these measures and the time that has elapsed since the 


CONTINUOUS 
CCA TO MAC 


WAIT FOR CHANGE 
IN ED OR CS STATUS 
OR TIMER TIMEOUT 


WATCHDOG TIMER 
RESET ON CCA s CLEAR 
RESET ON M ms TIMEOUT 


ED >THRESH 
CS< THRESH 
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FIGURE 13. CCA FUNCTIONAL FLOW DIAGRAM 
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channel was last clear. If a source of interference makes it 
look like the channel is occupied, the circuit will detect a sig¬ 
nal without carrier and will wait a proscribed time before 
deciding to transmit over the interference. 

The receive signal strength indication (RSSI) measurement 
is an analog input to the HSP3824 from the successive IF 
stage of the radio. The RSSI ADC converts it within the 
baseband processor and it compares it to a programmable 
threshold. This threshold is normally set to between -70 and 
-80dBm. This measure is used in the acquisition decision 
and is also passed to the clear channel assessment logic. 
The state diagram in Figure 13 shows the operation of the 
clear channel assessment state machine. 

The energy detection (ED) signal is the digitized RSSI signal. 
The carrier sense (CS) input is derived from a combination of 
the Signal Quality 2 (SQ2) based on phase error and the Sig¬ 
nal Quality 1(SQ1) based on PN correlator magnitude out¬ 
puts. Both Signal Quality measures and the ED input are 
differentiated to sense when they change. These change 
detectors and the watchdog timer TIME OUT output are com¬ 
bined to initiate a clear channel assessment decision. 

The CCA algorithm will always declare the channel busy if 
CS is active. If only ED is active the state machine will ini¬ 
tially declare a busy channel and at the same time it will start 
timing ED until it meets the programmed time out count. 
When the time out expires the state machine will declare the 
channel as being clear even if the ED is still active. This will 
prevent the transmitter locking out permanently on some 
persisting interference. This time out period is programmable 
by 2 parameters that define an inner count M and an outer 
count N. The total time out period is determined by the time 
corresponding to the product of MxN. The value of the inner 
counter M is programmable through CR 17 while the value of 
the outer counter N is programmable through CR 18. The 
state machine cycles M times the N count before it asserts 
CCA, declaring the channel as clear for transmission. Note 
that the counters are automatically reset to restart the count 
when CS is detected to be active. In summary the CCA state 


machine has four basic states. The first state clears the CCA 
when both the CS and ED are Inactive. This indicates that 
the channel is truly clear. 

The second state sets the CCA to BUSY when the CS is 
active and the ED is Inactive. This corresponds to a channel 
where the signal just went away or dropped below threshold 
but the carrier is still being sensed. The third state sets the 
CCA to BUSY and resets the cycle counter when the ED and 
CS are both active. This is an obviously busy channel. 

The fourth state increments the cycle counter If the CS is 
Inactive and the ED is active, and sets the CCA to BUSY if 
the count is less than N. This is where the channel has just 
had a new signal come up and the carrier has not yet been 
acquired or where an interferer turns on. 

If the cycle counter reaches N, the counter is reset and the 
CCA is set to CLEAR. This happens on interference that per¬ 
sists. If the channel has interference, it may be low enough 
to allow communications. The CCA state machine does 
not influence any of the receive or transmit operations 
within the HSP3824. The CCA algorithm output is an 
indication to the network processor. The processor can 
ignore this indicator and decide to have the HSP3824 
transmit regardless of the state of CCA. 

The Configuration registers effecting the CCA algorithm 
operation are summarized below (more programming details 
on these registers can be found under the Control Registers 
section of this document). 

The CCA output from pin 32 of the device can be defined as 
active high or active low through CR 9 (bit 5). The RSSI 
threshold is set through CR19. if the actual RSSI value from 
the ADC exceeds this threshold then ED becomes active. 

The instantaneous RSSI value can be monitored by the exter¬ 
nal network processor by reading CR 10. The programmable 
thresholds on the two signal quality measurements are set 
through CR22, 23, 30, and 31. Signal Quality 1 and 2 thresh¬ 
olds derive the state of the Carrier Sense. More details on SQ 
are included under the receiver section of this document. 



FIGURE 14. DEMODULATOR BLOCK DIAGRAM 
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Finally, CR 17 and CR 18 are used to set the time out 
parameters before the CCA algorithm declares permission 
for transmission. 

Receiver Description 

The receiver portion of the baseband processor, performs 
ADC conversion and demodulation of the spread spectrum 
signal. It correlates the PN spread symbols, then demodu¬ 
lates the DBPSK or DQPSK symbols. The demodulator 
includes a frequency loop that tracks and removes the car¬ 
rier frequency offset. In addition It tracks the symbol timing, 
and differentially decodes and descrambles the data. The 
data Is output through the RX Port to the external processor. 

A common practice for burst mode communications systems 
is to differentially modulate the signal, so that a DPSK 
demodulator can be used for data recovery. This form of 
demodulator uses each symbol as a phase reference for the 
next one. It offers rapid acquisition and tolerance to rapid 
phase fluctuations at the expense of lower bit error rate 
(BER) performance. 

The PRISM baseband processor, HSP3824 uses differential 
demodulation for the initial acquisition portion of the pro¬ 
cessing and then switches to coherent demodulation for the 
rest of the acquisition and data demodulation. The HSP3824 
Is designed to achieve rapid settling of the carrier tracking 
loop during acquisition. Coherent processing substantially 
improves the BER performance margin. Rapid phase fluctu¬ 
ations are handled with a relatively wide loop bandwidth. 

The baseband processor uses time invariant correlation to 
strip the PN spreading and polar processing to demodulate 


the resulting signals. These operations are illustrated in Fig¬ 
ure 14 which is an overall block diagram of the receiver pro¬ 
cessor. Input samples from the I and Q ADC converters are 
correlated to remove the spreading sequence. The magni¬ 
tude of the correlation pulse is used to determine the symbol 
timing. The sample stream is decimated to the symbol rate 
and the phase Is corrected for frequency offset prior to PSK 
demodulation. Phase errors from the demodulator are fed to 
the NCO through a lead/iag filter to achieve phase lock. The 
variance of the phase errors is used to determine signal 
quality for acquisition and lock detection. 

Acquisition Description 

The PRISM baseband processor uses either a dual antenna 
mode of operation for compensation against multipath inter¬ 
ference losses or a single antenna mode of operation with 
faster acquisition times. 

Two Antenna Acquisition 

During the 2 antenna (diversity) mode the two antennas are 
scanned in order to find the one with the best representation 
of the signal. This scanning is stopped once a suitable signal 
is found and the best antenna is selected. 

A projected worst case time line for the acquisition of a signal 
in the two antenna case Is shown in Figure 15. The synchroni¬ 
zation part of the preamble is 128 symbols long followed by a 
16-bit SFD. The receiver must scan the two antennas to deter¬ 
mine if a signal is present on either one and, if so, which has 
the better signal. The timeline is broken into 16 symbol blocks 
(dwells) for the scanning process. This length of time is neces¬ 
sary to allow enough integration of the signal to make a good 
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4. Time line shown assumes that antenna 2 gets insufficient signal. 

FIGURE 15. DUAL ANTENNA ACQUISITION TIMELINE 
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FIGURE 16. SINGLE ANTENNA ACQUISITION TIMELINE 
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acquisition decision. This worst case time line example 
assumes that the signal is present on antenna A1 only (A2 is 
blocked). It further assumes that the signal arrives part way 
into the first A1 dwell such as to just barely miss detection. 
The signal and the scanning process are asynchronous and 
the signal could start anywhere. In this timeline, it is assumed 
that all 16 symbols are present, but they were missed due to 
power amplifier ramp up. Since A2 has insufficient signal, the 
first A2 dwell after the start of the preamble also fails detec¬ 
tion. The second A1 dwell after signal start is successful and a 
symbol timing measurement is achieved. 

Meanwhile signal quality and signal frequency measure¬ 
ments are made simultaneous with symbol timing measure¬ 
ments. When the bit sync level, SQ1, and Phase variance 
SQ2 are above their user programmable thresholds, the sig¬ 
nal is declared present for the antenna with the best signal. 
More details on the Signal Quality estimates and their pro¬ 
grammability are given in the Acquisition Signal Quality 
Parameters section of this document. 

At the end of each dwell, a decision is made based on the rel¬ 
ative values of the signal qualities of the signals on the two 
antennas. In the example, antenna A1 is the one selected, so 
the recorded symbol timing and carrier frequency for A1 are 
used thereafter for the symbol timing and the PLL of the NCO 
to begin carrier de-rotation and demodulation. 

Prior to initial acquisition the NCO was inactive and DPSK 
demodulation processing was used. Carrier phase measure¬ 
ment are done on a symbol by symbol basis afterward and 
coherent DPSK demodulation is in effect. After a brief setup 
time as illustrated on the timeline of Figure 15, the signal 
begins to emerge from the demodulator. 

If the descrambler is used It takes 7 more symbols to seed 
the descrambler before valid data is available. This occurs in 
time for the SFD to be received. At this time the demodulator 
Is tracking and in the coherent PSK demodulation mode it 
will no longer scan antennas. 

One Antenna Acquisition 

When only one antenna is being used, the user can delete 
the antenna switch and shorten the acquisition sequence. 
Figure 16 shows the single antenna acquisition timeline, it 


uses a 78 symbol sequence with 2 more for power ramping 
of the RF front of the radio. This scheme deletes the second 
antenna dwells but performs the same otherwise. It verifies 
the signal after initial detection for lower false alarm proba¬ 
bility. 

Acquisition Signai Quaiity Parameters 

Two measures of signal quality are used to determine acqui¬ 
sition and drop lock decisions. The first method of determin¬ 
ing signal presence is to measure the correlator output (or 
bit sync) amplitude. This measure, however, flattens out in 
the range of high BER and is sensitive to signal amplitude. 
The second measure is phase noise and in most BER sce¬ 
narios it is a better indication of good signals plus it is insen¬ 
sitive to signal amplitude. The bit sync amplitude and phase 
noise are integrated over each block of 16 symbols used in 
acquisition or over blocks of 128 symbols in the data demod¬ 
ulation mode. The bit sync amplitude measurement repre¬ 
sents the peak of the correlation out of the PN correlator. 
Figure 17 shows the correlation process. The signal is sam¬ 
pled at twice the chip rate (i.e. 22 MBPS). The one sample 
that falls closest to the peak is used for a bit sync amplitude 
sample for each symbol. This sample is called the on-time 
sample. High bit sync amplitude means a good signal. The 
early and late samples are the two adjacent samples and 
are used for tracking. 

The other signai quality measurement is based on phase 
noise and that is taken by sampling the correlator output at the 
correlator peaks. The phase changes due to scrambling are 
removed by differential demodulation during Initial acquisition. 
Then the phase, the phase rate and the phase variance are 
measured and integrated for 16 symbols. The phase variance 
is used for the phase noise signal quality measure. Low phase 
noise means a stronger received signal. 

Procedure to Set Acq. Signal Quality 
Parameters (Example) 

There are four registers that set the acquisition signal quality 
thresholds, they are: CR 22, 23, 30, and 31 

(RX_SQX_IN_ACQ). Each threshold consists of two bytes, 
high and low that hold a 16-bit number. 



FIGURE 17. CORRELATION PROCESS 





HSP3824 


These two thresholds, bit sync amplitude CR (22 and 23) 
and phase error CR (30 and 31) are used to determine if the 
desired signal is present. If the thresholds are set too “low”, 
there is the probability of missing a high signal to noise 
detection due to processing a false alarm. If they are set too 
“high”, there Is the probability of missing a low signal to noise 
detection. For the bit sync amplitude, “high” actually means 
high amplitude while for phase noise “high” means high SNR 
or low noise. 

A recommended procedure is to set these thresholds individu¬ 
ally optimizing each one of them to the same false alarm rate 
with no desired signal present. Only the background environ¬ 
ment should be present, usually additive gaussian white noise 
(AGWN). When programming each threshold, the other 
threshold is set so that it always indicates that the signal is 
present. Set register CR22 to OOh while trying to determine 
the value of the phase error signal quality threshold for regis¬ 
ters CR 30 and 31. Set register CR30 to FFh while trying to 
determine the value of the Bit sync, amplitude signal quality 
threshold for registers 22 and 23. Monitor the Carrier Sense 
(CRS) output (TEST 7, pin 46) and adjust the threshold to pro¬ 
duce the desired rate of false detections. CRS indicates valid 
initial PN acquisition. After both thresholds are programmed in 
the device the CRS rate is a logic “and” of both signal qualities 
rate of occurrence over their respective thresholds and will 
therefore be much lower than either. 

PN Correlator Description 

The PN correlator is designed to handle BPSK spreading 
with carrier offsets up to ±50ppm and 11,13,15 or 16 chips 
per symbol. Since the spreading is BPSK, the correlator is 
implemented with two real correlators, one for the I and one 
for the Q channel.The same sequence Is always used for 
both I an Q correlators. The TX sequence can be pro¬ 
grammed as a different sequence from the RX sequence. 
This allows a full duplex link with different spreading parame¬ 
ters for each direction. 

The correlators are time invariant matched filters otherwise 
known as parallel correlators. They use two samples per 
chip. The correlator despreads the samples from the chip 
rate back to the original data rate giving 10.4dB processing 
gain for 11 chips per bit. While despreading the desired sig¬ 
nal, the correlator spreads the energy of any non correlating 
interfering signal. 

Based on the fact that correlator output pulse is used for bit 
timing, the HSP3824 can not be used for any non spread 
applications. 

In programming the correlator functions, there are two sets 
of configuration registers that are used to program the 
spread sequences of the transmitter and the receiver. They 
are CR 13 and 14 for transmitter and CR 20 and 21 for the 
receiver. In addition, CR2 and CR3 define the sequence 
length or chips per symbol for the receiver and transmitter 
respectively. These are carried in bits 6 and 7 of CR2 and 
bits 5 and 6 of CR3. More programming details are given in 
the Control Registers section of this document. 


Data Demodulation and Tracking 
Description 

The signal Is demodulated from the correlation peaks 
tracked by the symbol timing loop (bit sync). The frequency 
and phase of the signal is corrected from the NCO that is 
driven by the phase locked loop. Demodulation of the DPSK 
data In the early stages of acquisition is done by delay and 
subtraction of the phase samples. Once phase locked loop 
tracking of the carrier is established, coherent demodulation 
is enabled for better performance. Averaging the phase 
errors over 16 symbols gives the necessary frequency infor¬ 
mation for proper NCO operation. The signal quality is taken 
as the variance In this estimate. 

There are two signal quality measurements that are per¬ 
formed in real time by the device and they set the demodula¬ 
tor performance. The thresholds for these signal quality 
measurements are user programmable. The same two sig¬ 
nal quality measures, phase error and bit sync, amplitude, 
that are used in acquisition are also used for the data drop 
lock decision. The data thresholds, though, are programmed 
independently from the acquisition thresholds. If the radio 
uses the network processor to determine when to drop the 
signal, the thresholds for these decisions should be set to 
their limits allowing data demodulation even with poor signal 
reception. Under this configuration the HSP3824 data moni¬ 
tor mechanism is essentially bypassed and data monitoring 
becomes the responsibility of the network processor. 

These signal quality measurements are integrated over 128 
symbols as opposed to 16 symbol intervals for acquisition, so 
the minimum time to drop lock based with these thresholds is 
128 symbols or 128ms at 1 MBPS. Note that other than the 
data thresholds, non-detection of the SFD can cause the 
HSP3824 to drop lock and return its acquisition mode. 

Configuration Register 41 sets the search timer for the SFD. 
This register sets this time-out length in symbols for the 
receiver. If the time out is reached, and no SFD is found, the 
receiver resets to the acquisition mode. The suggested value 
is preamble symbols + 16 symbols. If several transmit pream¬ 
ble lengths are used by various transmitters In a network, the 
longest value should be used for the receiver settings. 

Procedure to Set Signal Quality Registers 

CR 26, 27, 34, AND 35 (RX_SQXJN_DATA) are pro¬ 
grammed to hold the threshold values that are used to drop 
lock if the signal quality drops below their values. These can 
be set to their limit values If the external network processor 
is used for drop lock decisions instead of the HSP3824 
demodulator. The signal quality values are averaged over 
128 symbols and if the bit sync amplitude value drops below 
its threshold or the phase noise rises over its threshold, the 
link is dropped and the receiver returnes to the acquisition 
mode. These values should typically be different for BPSK 
and QPSK since the operating point in SNR differs by 3dB. If 
the receiver is intended to receive both BPSK and QPSK 
modulations, a compromise value must be used or the net¬ 
work processor can control them as appropriate. 
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The suggested method of optimization is to set the transmit¬ 
ter in a continuous transmit mode. Then, measure the time 
until the receiver drops lock at low signal to noise ratio. Each 
of the 2 thresholds should be set individually to the same 
drop lock time. While setting thresholds for one of the signal 
qualities the other should be configured at its limit so it does 
not Influence the drop lock decisions. Set CR 26 to OOh while 
determining the value of CR 34 and 35 for phase error 
threshold. Set CR 34 to FFh while determining the value of 
CR 26 and 27 for bit sync, amplitude threshold. 

Assuming a 10e-6 BER operating point, it is suggested that 
the drop lock thresholds are set at 10e-3 BER, with each 
threshold adjusted individually. 

Note that the bit sync amplitude is linearly proportional to the 
signal amplitude at the ADC converters. If an AGC system is 
being used instead of a limiter, the bit sync amplitude thresh¬ 
old should be set at or below the minimum amplitude that the 
radio will see at its sensitivity level. 

Data Decoder and Descrambler 
Description 

The data decoder that implements the desired DQPSK cod¬ 
ing/decoding as shown In DQPSK Data Decoder Table 9. 
This coding scheme results from differential coding of the 
dibits. When used in the DBPSK modes, only the 00 and 11 
dibits are used. Vector rotation is counterclockwise. 

TABLE 9. DQPSK DATA DECODER 



The data scrambler and de-scrambler are self synchronizing 
circuits. They consist of a 7-blt shift register with feedback of 
some of the taps of the register. The scrambler can be dis¬ 
abled for measuring RF carrier suppression. The scrambler 
is designed to insure smearing of the discrete spectrum lines 
produced by the PN code. 

One thing to keep in mind is that both the differential decod¬ 
ing and the descrambling when used cause error extension. 
This causes the errors to occur in groups of 4 and 6. This is 
due to two properties of the processing. First, the differential 
decoding process causes errors to occur in pairs. When a 
symbol error is made, it is usually a single bit error even in 
QPSK mode. When a symbol is in error, the next symbol will 
also be decoded wrong since the data is encoded in the 
change from one symbol to the next. Thus, two errors are 
made on two successive symbols. In QPSK mode, these 
may be next to one another or separated by up to 2 bits. 


Secondly, when the bits are processed by the descrambler, 
these errors are further extended. The descrambler is a 7-bit 
shift register with one or more taps exclusive ored with the 
bit stream. If for example the scrambler polynomial uses 2 
taps that are summed with the data, then each error is 
extended by a factor of three. Since the DPSK errors are 
close together, however, some of them can be canceled in 
the descrambler. In this case, two wrongs do make a right, 
so the observed errors can be in groups of 4 instead of 6. 

Descrambling is done by a polynomial division using a pre¬ 
scribed polynomial. A shift register holds the last quotient and 
the output is the exclusive-or of the data and the sum of taps In 
the shift register. The taps and seed are programmable. The 
transmit scrambler seed is programmed by CR 15 and the taps 
are set with CR 16. One reason for setting the seed is that it 
can be used to make the SFD scrambling the same every 
packet so that it can be recognized in its scrambled state. 

Demodulator Performance 

This section indicates the theoretical performance and typi¬ 
cal performance measures for a radio design. The perfor¬ 
mance data below should be used as a guide. The actual 
performance depends on the application, interference envi¬ 
ronment, RF/IF implementation and radio component selec¬ 
tion in general. 

Overall Eb/NO Versus BER Performance 

The PRISM chip set has been designed to be robust and 
energy efficient in packet mode communications. The 
demodulator uses coherent processing for data demodula¬ 
tion. Figure 18 below shows the performance of the base¬ 
band processor when used in conjunction with the HSP3724 
IF limiter and the PRISM recommended IF filters. Off the 
shelf test equipment are used for the RF processing. The 
curves should be used as a guide to assess performance in 
a complete implementation. 

Factors for carrier phase noise, multipath, and other degra¬ 
dations will need to be considered on an implementation by 
implementation basis in order to predict the overall perfor¬ 
mance of each individual system. 

Figure 18 shows the curve for theoretical DBPSK/DQPSK 
demodulation with coherent demodulation as well as the 
PRISM performance measured for DBPSK and DQPSK. The 
losses include RF and IF radio losses; they do not reflect the 
HSP3824 losses alone. These are more realistic measure¬ 
ments. The HSP3824 baseband losses from theoretical by 
themselves are a small percentage of the overall loss. 

The PRISM demodulator performs at less than 3dB from the¬ 
oretical in a AWGN environment with low phase noise local 
oscillators. The observed errors occurred In groups of 4 and 6 
errors and rarely singly. This is because of the error extension 
properties of differential decoding and descrambling. 
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FIGURE 18. BER vs EB/NO PERFORMANCE 
Clock Offset Tracking Performance 

The PRISM baseband processor is designed to accept data 
clock offsets of up to ±25ppm for each end of the link (TX 
and RX). This effects both the acquisition and the tracking 
performance of the demodulator. The budget for clock offset 
error is 0.75dB at ±50ppm as shown in Figure 19. 

OFFSET IN ppm 


FIGURE 20. BER vs CARRIER OFFSET 
l/Q Amplitude Imbalance 

imbalances in the signal cause differing effects depending 
on where they occur. In a system using a limiter, if the imbal¬ 
ances are in the transmitter, that is, before the limiter, ampli¬ 
tude imbalances translate into phase imbalances between 
the I and Q symbols. If they occur in the receiver after the 
limiter, they are not converted to phase imbalances in the 
symbols, but into vector phase imbalances on the composite 
signal plus noise. The following curve shows data taken with 
amplitude imbalances in the transmitter. Starting at the bal¬ 
anced condition, I = 100% of Q, the bit error rate degrades 
by two orders of magnitude for a 3dB drop In I (70%). 

PERCENT AMPLrrUDE BALANCE 

isssssispis 



FIGURE 19. BER vs CLOCK OFFSET 
Carrier Offset Frequency Performance 

The correlators in the baseband processor are time invariant 
matched filter correlators otherwise known as parallel corre¬ 
lators. They use two samples per chip and are tapped at 
every other shift register stage. Their performance with car¬ 
rier frequency offsets is determined by the phase roll rate 
due to the offset. For an offset of +50ppm (combined for both 
TX and RX) will cause the carrier to phase roll 22.5 degrees 
over the length of the correlator. This causes a loss of 
0.22dB in correlation magnitude which translates directly to 
Eb/NO performance loss. In the PRISM chip design, the corr¬ 
elator is not included in the carrier phase locked loop correc¬ 
tion, so this loss occurs for both acquisition and data. Figure 
20 shows the loss versus carrier offset taken out to +350kHz 
(120kHz is 50ppm at 2.4GHz). 


FIGURE 21. l/Q IMBALANCE EFFECTS 

A Default Register Configuration 

The registers in the HSP3824 are addressed with 14-bit num¬ 
bers where the lower 2 bits of a 16-bit hexadecimal address 
are left as unused. This results in the addresses being in 
increments of 4 as shown in the table below. Table 10 shows 
the register values for a default Full Protocol configuration 
(Mode 3) with a single antenna. The data is transmitted as 
DQPSK. This is a recommended configuration for initial test 
and verification of the device and /or the radio design. The 
user can later modify the CR contents to reflect the system 
and the required performance of each specific application. 
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TABLE 10. CONTROL REGISTER VALUES FOR SINGLE ANTENNA ACQUISITION 


REGISTER 

NAME 

TYPE 

REG ADDR 

IN HEX 

QPSK 

BPSK 

CRO 

MODEM CONFIG. REG A 

R/W 

00 

3C 

64 

CR1 

MODEM CONFIG. REG B 

R/W 

04 

00 

00 

CR2 

MODEM CONFIG. REG C 

R/W 

08 

07 

24 

CR3 

MODEM CONFIG. REG D 

RM 

OC 

04 

07 

CR4 

INTERNAL TEST REGISTER A 

R/W 

10 

00 

00 

CR5 

INTERNAL TEST REGISTER B 

R/W 

14 

00 

00 

CR6 

INTERNAL TEST REGISTER C 

R 

18 

X 

X 

CR7 

MODEM STATUS REGISTER A 

R 

1C 

X 

X 

CR8 

MODEM STATUS REGISTER B 

R 

20 

X 

X 

CR9 

I/O DEFINITION REGISTER 

R/W 

24 

00 

00 

CR10 

RSSl VALUESTATUS REGISTER 

R 

28 

X 

X 

CR11 

ADC_CAL_POS REGISTER 

R/W 

2C 

01 

01 

CR12 

ADC_CAL_NEG REGISTER 

R/W 

30 

FD 

FD 

CR13 

TX_SPREAD SEQUENCE(HIGH) 

R/W 

34 

05 

05 

CR14 

TX_SPREAD SEQUENCE (LOW) 

R/W 

38 

B8 

B8 

CR15 

SCRAMBLE_SEED 

R/W 

3C 

00 

00 

CR16 

SCRAMBLE.TAP (RX AND TX) 

RM 

40 

48 

48 

CR17 

CCA_TIMER_TH 

RM 

44 

2C 

2C 

CR18 

CCA_CYCLE_TH 

R/W 

48 

03 

03 

CR19 

RSSLTH 

R/W 

4C 

IE 

IE 

CR20 

RX.SPREAD SEQUENCE (HIGH) 

RM 

50 

05 

05 

CR21 

RX.SREAD SEQUENCE (LOW) 

R/W 

54 

B8 

B8 

CR22 

RX_SQ1_ IN_ACQ (HIGH) THRESHOLD 

R/W 

58 

01 

01 

CR23 

RX-SQ1_ IN_ACQ (LOW) THRESHOLD 

R/W 

5C 

E8 

E8 

CR24 

RX-SQ1_ OUT.ACQ (HIGH) READ 

R 

60 

X 

X 

CR25 

RX-SQ1_ OUT_ACQ (LOW) READ 

R 

64 

X 

X 

CR26 

RX-SQ1_ IN_DATA (HIGH) THRESHOLD 

RM 

68 

OF 

OF 

CR27 

RX-SQ1-SQ1_ IN.DATA (LOW) THRESHOLD 

R/W 

6C 

FF 

FF 

CR28 

RX-SQ1_ OUT.DATA (HIGH)READ 

R 

70 

X 

X 

CR29 

RX-SQ1_ OUT_DATA (LOW) READ 

R 

74 

X 

X 

CR30 

RX-SQ2_ IN_ACQ (HIGH) THRESHOLD 

R/W 

78 

00 

00 
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_ CONFIGURATION REGISTER 2 ADDRESS (08h) MODEM CONFIGURATION REGISTER C _ 

Bit 7, 6 These control bits are used to select the number of chips per symbol used In the I and Q paths of the receiver matched 

filter correlators (see table below). 



Bit 5 This control bit is used to disable the CRC16 check. When this bit is set, the processor will accept the received packet 

and any packet error checks have to be detected externally. The HSP3824 will remain in the receive mode until either 
the carrier is lost or the network processor resets the device to the acquisition mode, or if, In modes 2 or 3, the length 
times out. 

Logic 1 s Disable receiver error checks. 

Logic 0 = Enable receiver checks. 

Bit 4,3 These control bits are used to select the divide ratio for the demodulators receive chip clock timing.The value of N is 

determined by the following equation: 

Symbol Rate = MCLK/(N x Chips per symbol). 



Bit 2 This control bit sets the receiver into single or dual antenna mode. The Preamble acquisition processing length and 

whether the modem scans antennas is controlled by this bit. If in single antenna mode, the ANT_SEL pin reflects CRO 
bit 6 otherwise it reflects the receiver’s choice of antenna. 

Logic 0 = Acquisition processing is for dual antenna acquisition. 

Logic 1 = Acquisition processing is for single antenna acquisition. 

Bit 1,0 These control bits are used to indicate one of the four Preamble Header modes for receiving data. Each of the modes 

includes different combinations of Header fields. Users can choose the mode with the fields that are more appropriate 
for their networking requirements. The Header fields that are combined to form the various modes are: 

• SFD field 

• CRC16fleld 

• Data length field (indicates the number of data bits that follow the Header information) 

• Full protocol Header 



_ CONFIGURATION REGISTER 3 ADDRESS (OCh) MODEM CONFIGURATION REGISTER D 

Bit 7 Reserved (must set to “0”). 
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CONFIGURATION REGISTER 3 ADDRESS (OCh) MODEM CONFIGURATION REGISTER D (Continued) 


These control bits combined are used to select the number of chips per symbol used in the I and Q transmit paths (see 
table below). 




These control bits are used to select the divide ratio for the transmit chip clock timing. 

NOTE: The value of N is determined by the following equation: Symbol Rate = MCLK/(N x Chips per symbol) 






This control bit is used to select the origination of Preambie/Header information. 

Logic 1: The HSP3824 generates the Preamble and Header internally by formatting the programmed header 
information and generating a TX_RDY to indicate the beginning of the data packet. 

Logic 0: Accepts the Preamble/Header information from an externally generated source. 


This control bit is used to indicate the signal modulation type for the transmitted data packet. When configured for mode 
0 header, or mode 3 and external header, this bit is ignored. See Register 0 bits 4 and 3. 

Logic 1 = DBPSK modulation for data packet. 

Logic 0 s DQPSK modulation for data packet. 


This control bit is used to indicate the signal modulation type for the received data packet Used only with header modes 
1 and 2. See register 2 bits 1 and 0. 

Logic 1 = DBPSK. 

Logic 0 = DQPSK. 



CONFIGURATION REGISTER 4 ADDRESS (lOh) INTERNAL TEST REGISTER A 


These control bits are used to direct various internal signals to test port output pins. These internal signals are moni¬ 
tored to fault Isolate the device at manufacturing testing. During normal operation, the value Oh is recommended. This 
will result to the following signals becoming available at the output test pins of the device: 

Pin 46 (TEST7): Carrier Sense (CRS), a Logic 11ndicates PN lock. 

Pin 45 (TEST6): Energy Detect (ED), a Logic 1 indicates that there is energy detected in the channel. The ED goes 
active when the RSSI exceeds the threshold level programmed by the user. 

Pin 1 (TEST_CK): PN clock. 


CONFIGURATION REGISTER 5 ADDRESS (14h,18h) INTERNAL TEST REGISTER B 


These bits need to be programmed to Oh. They are used for manufacturing test only. 




CONFIGURATION REGISTER 7 ADDRESS (ICh) MODEM STATUS REGISTER A 


This bit indicates the status of the TX_RDY output pin. TX_RDY is used only when the HSP3824 generates the Pre¬ 
amble/Header data internally. 

Logic 1: indicates that the HSP3824 has completed transmitting Preamble header information and is ready to accept 
data from the external source (i.e. MAC) to transmit. 

Logic 0: Indicates that the HSP3824 is in the process of transmitting Preamble Header information. 


This status bit indicates the antenna selected by the device. 
Logic 0: Antenna A is selected. 

Logic 1: Antenna B is selected. 
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_ CONFIGURATION REGISTER 7 ADDRESS (ICh) MODEM STATUS REGISTER A (Continued) _ 

Bit 5 This status bit indicates the present state of clear channel assessment (CCA) which is output pin 32. The CCA is being 

asserted as a result of a channel energy monitoring algorithm that is a function of RSSI, carrier sense, and time out 
counters that monitor the channel activity. 

Bit 4 This status bit, when active indicates Carrier Sense, or PN lock. 

Logic 1: Carrier present. 

Logic 0: No Carrier Sense. 

Bit 3 This status bit indicates whether the RSSI signal is above or below the programmed RSSI 6-bit threshold setting. This 

signal is referred as Energy Detect (ED). 

Logic 1: RSSI is above the programmed threshold setting. 

Logic 0: RSSI is below the programmed threshold setting. 

Bit 2 This bit indicates the status of the output control pin MD_RDY (pin 34). it signals that a valid Preamble/Header has 

been received and that the next available bit on the TXD bus will be the first data packet bit. 

Logic 1; Envelopes the data packet as it becomes available on pin 3 (TXD). 

Logic 0: No data packet on TXD serial bus. 

Bit 1 This status bit indicates whether the external device has acknowledged that the channel is clear for transmission. This 

is the same as the input signal TX_PE on pin 2. 

Logic 1 = Acknowledgment that channel is clear to transmit. 

Logic 0 Channel is NOT clear to transmit. 

Bit 0 This status bit indicates that a valid CRC16 has been calculated. The CRC16 is calculated on the Header information. 

The CRC16 does not cover the preamble bits. 

Logic 1 = Valid CRC16 check. 

Logic 0 = Invalid CRC16 check. 

_ CONFIGURATION REGISTER 8 ADDRESS (20h) MODEM STATUS REGISTER B _ 

Bit 7 This status bit is meaningful only when the device operates under the full protocol mode. Errors imply CRC errors of 

the header fields. 

Logic 0 s Valid packet received. 

Logic 1 - Errors in received packet. 

Bit 6 This bit is used to indicate the status of the SFD search timer. The device monitors the incoming Header for the SFD. 

if the timer, times out the HSP3824 returns to its signal acquisition mode looking to detect the next Preamble and 
Header. 

Logic 1 - SFD not found, return to signal acquisition mode. 

Logic 0 = No time out during SFD search. 

Bit 5 This status bit is used to indicate the modulation type for the data packet. This signal is generated by the header de¬ 

tection circuitry in the receive Interface. 

Logic 0 = DBPSK. 

Logic 1 DQPSK. 

Bit 4 Unused, don’t care. 

Bit 3 Unused, don’t care. 

Bit 2 Unused, don’t care. 

Bit 1 Unused, don’t care. 

Bit 0 Unused, don’t care. 

_ CONFIGURATION REGISTER 9 ADDRESS (24h) I/O DEFINITION REGISTER _ 

This register is used to define the phase of clocks and other interface signals. 

Bit 7 This bit needs to always be set to logic 0. 

Bit 6 This control bit selects the active level of the MD_RDY output pin 34. 

Logic 1 = MD_RDY is active 0. 

Logic 0 = MD_RDY is active 1. 
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__ CONFIGURATION REGISTER 9 ADDRESS (24h) I/O DEFINITION REGISTER _ 

Bit 5 This controi bit seiects the active ievei of the Clear Channel Assessment (CCA) output pin 32. 

Logic 1 = CCA active 1. 

Logic 0 = CCA active 0. 

Bit 4 This control bit seiects the active level of the Energy Detect (ED) output which is an output pin at the test port, pin 45. 

Logic 1 = ED active 0. 

Logic 0 =: ED active 1. 

Bit 3 This controi bit selects the active level of the Carrier Sense (CRS) output pin which is an output pin at the test port, pin 

46. 

Logic 1 = CRS active 0. 

Logic 0 = CRS active 1. 

Bit 2 This control bit selects the active level of the transmit ready (TX_RDY) output pin 5. 

Logic! = TX_RDY active 0. 

Logic 0 = TX_RDY active 1. 

Bit 1 This control bit selects the active level of the transmit enable (TX_PE) input pin 2. 

Logic 1 = TX_PE active 0. 

Logic 0 = TX_PE active 1. 

Bit 0 This control bit seiects the phase of the transmit output clock (TXCLK) pin 4. 

Logic! = Inverted TXCLK. 

Logic 0 = NON-Inverted TXCLK 

_ CONFIGURATION REGISTER 10 ADDRESS (28h) RSSI VALUE REGISTER _ 

Bits 0-7 This is a read only register reporting the value of the RSSI analog input signal from the on chip 6-bit ADC. This register 

is updated at (chip rate/!!). Bits 7 and 6 are not used and set to Logic 0. 

Example: 



_ CONFIGURATION REGISTER 11 ADDRESS (2ch) A/D CAL POS REGISTER __ 

Bits 0 - 7 This 8-bit control register contains a binary value used for positive Increment for the level adjusting circuit of the A/D 

reference. The larger the step the faster the level reaches saturation. 

_ CONFIGURATION REGISTER 12 ADDRESS (30h) AA3 CAL NEG REGISTER _ 

Bits 0 - 7 This 8-bit controi register contains a binary value used for the negative increment for the level adjusting reference of 

the A/D. The number is programmed as 256 - the value wanted since it is a negative number. 

_ CONFIGURATION REGISTER 13 ADDRESS (34h) TX SPREAD SEQUENCE (HIGH) _ 

Bits 0 • 7 This 8-bit register is programmed with the upper byte of the transmit spreading code. This code IS used for both the i 

and Q signalling paths of the transmitter. This register combined with the lower byte TX_SPREAD(LOW) generates a 
transmit spreading code programmable up to !6 bits. Code lengths permitted are !!, !3, !5, and !6. Right justified 
MSB first. 

SOME SUITABLE CODES 

LENGTH CR13 CR14 TYPE 

1! 05 B8 Barker 

13 IF 35 Barker 

!5 !F 35 Modified Barker 

— -- Modified Barker 
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CONFIGURATION REGISTER 14 ADDRESS (38h) TX SPREAD SEQUENCE (LOW) 


This 8-bit register is programmed with the lower byte of the transmit spreading code. This code is used for the I and Q 
signalling paths of the transmitter. This register combined with the higher byte TX_SPREAD(HIGH) generates the 
transmit spreading code programmable up to 16 bits. 

The example below illustrates the bit positioning for one of the 11 bit Barker PN codes. 

Example: 

Transmit Spreading Code 11-Bit Barker Word Right Justified MSB First. 


TX_SPREAD(HIGH) 
TX_SPREAD(LOW) 
11-bit Barker code 


15 14 13 12 11 10 9 8 


76543210 


X X X X X 10110111000 



CONRGURATION REGISTER 15 ADDRESS (3Ch) SCRAMBLER SEED 


This register contains the 7-bit (seed) value for the transmit scrambler which is used to preset the transmit scrambler 
to a known starting state. The MSB bit position (7) is unused and must be programmed to a Logic 0. The example 
below illustrates the bit positioning of seed. 



CONFIGURATION REGISTER 16 ADDRESS (40ti) SCRAMBLER TAP 


This register is used to configure the transmit scrambler with a 7-bit polynomial tap configuration. The transmit scram¬ 
bler is a 7-bit shift register, with 7 configurable taps. A logic 1 is the respective bit position enables that particular tap. 
The MSB bit 7 is not used and It is set to a Logic 0. The example below illustrates the register configuration for the 
polynomial F(x) = 1 + X"^+X’^. Each clock is a shift left 




CONFIGURATION REGISTER 17 ADDRESS (44h)CCA TIMER THRESHOLD 


This 8-bit register is used to configure the period of the time-out threshold of the CCA watchdog timer. If the channel 
is busy the timer counts until It reaches the programmed value and at that point it declares that the channel Is clear 
Independent of the actual energy measured within the channel. This register is programmable up to 8 bits. 

N • 5632 

Time (ms) = 1000 • p^rr-o-r-, where N is the programmable value of CR17. 

Onip Hm6 

For example, for a chip rate of 11 MCPS and a desired timeout of ~11 ms, N = 2ch. 




CONFIGURATION REGISTER 18 ADDRESS (48h) CCA CYCLE THRESHOLD 


This 8-bit register is used to configure how many times the CCA timer is allowed to reach its maximum count before 
the channel is declared clear for transmission Independent of the actual energy In the channel. This is an outer counter 
loop of the CCA timer. Each increment represents a time out of the CCA timer. Use a value of 03h for a time out of 2 
CCA timer counts. 


Bits (0:7) 


CCA_TIMER_TH 


76543210 
00000010 


11111111 


2h;1 CCA timer (Min) 

FFh; 256 CCA timer (Max) 
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_ CONFIGURATION REGISTER 19 ADDRESS (4Ch) RSSI THRESHOLD, ENERGY DETECT _ 

Bits 0 > 7 This register contains the value for the RSSI threshold for measuring and generating energy detect (ED). When the 

RSSI exceeds the threshold ED is declared. ED indicates the presence of energy in the channel. The threshold that 
activates ED is programmable. Bits 7 an 6 of this register are not used and set to Logic 0. 



_ CONFIGURATION REGISTER 20 ADDRESS (50h) RX SPREAD SEQUENCE (HIGH) _ 

Bits 0 - 7 This 8-bit register is programmed with the upper byte of the receive despreading code. This code is used for both the 

I and Q signalling paths of the receiver. This register combined with the lower byte RX_SPRED(LOW) generates a 
receive despreading code programmable up to 16 bits. Right justified MSB first. See address 13 and 14 for example. 

_ CONFIGURATION REGISTER 21 ADDRESS (54h) RX SPREAD SEQUENCE (LOW) _ 

Bits 0 - 7 This 8-bit register is programmed with the lower byte of the receiver despreading code. This code Is used for both the 

I and Q signalling paths of the receiver. This register combined with the upper byte RX_SPRED(HIQH) generates a 
receive despreading code programmable up to 16 bits. 

_ CONFIGURATION REGISTER 22 ADDRESS (58h) RX SIGNAL QUALITY 1 ACQ (HIGH) THRESHOLD _ 

Bits 0 - 7 This control register contains the upper byte bits (8-14) of the bit sync amplitude signal quality threshold used for 

acquisition. This register combined with the lower byte represents a 15-bit threshold value for the bit sync amplitude 
signal quality measurements made during acquisition at each antenna dwell. This threshold comparison is added with 
the SQ2 threshold in registers 30 and 31 for acquisition. A lower value on this threshold will increase the probability of 
detection and the probability of false alarm. Set the threshold according to instructions in the text. 

_ CONFIGURATION REGISTER 23 ADDRESS (5Ch) RX SIGNAL QUALITY 1 ACQ THRESHOLD (LOW) _ 

Bits 0 - 7 This control register contains the lower byte bits (0 - 7) of the bit sync amplitude signal quality threshold used for ac¬ 

quisition. This register combined with the upper byte represents a 15-bit threshold value for the bit sync amplitude sig¬ 
nal quality measurement made during acquisition at each antenna dwell. 

_ CONFIGURATION REGISTER 24 ADDRESS (60h) RX SIGNAL QUALITY 1 ACQ READ (HIGH) _ 

Bits 0 - 7 This status register contains the upper byte bits (8-14) of the measured signal quality threshold for the bit sync am¬ 

plitude used for acquisition. This register combined with the lower byte represents a 15-bit value, representing the mea¬ 
sured bit sync amplitude. This measurement is made at each antenna dwell and is the result of the best antenna. 

_ CONFIGURATION REGISTER 25 ADDRESS (64h) RX SIGNAL QUALITY 1 ACQ READ (LOW) _ 

Bits 0 - 7 This register contains the lower byte bits (0 - 7) of the measured signal quality threshold for the bit sync amplitude used 

for acquisition. This register combined with the higher byte represents a 15-bit value, of the measured bit sync ampli¬ 
tude. This measurement is made at each antenna dwell and is the result of the best antenna. 

_ CONFIGURATION REGISTER 26 ADDRESS (68h) RX SIGNAL QUALITY 1 DATA THRESHOLD (HIGH) _ 

Bits 0 - 7 This control register contains the upper byte bits (8-14) of the bit sync amplitude signal quality threshold used for drop 

lock decisions. This register combined with the lower byte represents a 15-blt threshold value for the bit sync amplitude 
signal quality measurements, made every 128 symbols. These thresholds set the drop lock probability. A higher value 
will increase the probability of dropping lock. 

_ CONFIGURATION REGISTER ADDRESS 27 (6Ch) RX SIGNAL QUALITY 1 DATA THRESHOLD (LOW) _ 

Bits 0 - 7 This control register contains the lower byte bits (0 - 7) of the bit sync amplitude signal quality threshold used for drop 

lock decisions. This register combined with the upper byte represents a 15-bit threshold value for the bit sync amplitude 
signal quality measurements, made every 128 symbols. 
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CONFIGURATION REGISTER 28 ADDRESS (70h) RX SIGNAL QUALITY 1 DATA (high) THRESHOLD READ (HIGH) 

Bits 0 • 7 This status register contains the upper byte bits (8-14) of the measured signal quality of bit sync amplitude used for 

drop lock decisions. This register combined with the lower byte represents a 15-bit value, representing the measured 
signal quality for the bit sync amplitude. This measurement is made every 128 symbols. 

_ CONFIGURATION REGISTER 29 ADDRESS (74h) RX SIGNAL QUALITY 1 DATA THRESHOLD READ (LOW) _ 

Bits 0 - 7 This register contains the lower byte bits (0-7) of the measured signal quality of bit sync amplitude used for drop lock 

decisions. This register combined with the lower byte represents a 16-bit value, representing the measured signal qual¬ 
ity for the bit sync amplitude. This measurement is made every 128 symbols. 

CONFIGURATION REGISTER 30 ADDRESS (78h) RX SIGNAL QUALITY 2 ACQ THRESHOLD (HIGH) 

Bits 0 - 7 This control register contains the upper byte bits (8-15) of the carrier phase variance threshold used for acquisition. 

This register combined with the lower byte represents a 16-bit threshold value for carrier phase variance measurement 
made during acquisition at each antenna dwell and is based on the choice of the best antenna. This threshold is used 
with the bit sync threshold in registers 22 and 23 to declare acquisition. A higher value in this threshold will increase 
the probability of acquisition and false alarm. 

_ CONFIGURATION REGISTER 31 ADDRESS (7Ch) RX SIGNAL QUALITY 2 ACQ THRESHOLD (LOW) _ 

Bits 0 - 7 This control register contains the lower byte bits (0-7) of the carrier phase variance threshold used for acquisition. 

CONFIGURATION REGISTER 32 ADDRESS (80h) RX SIGNAL QUALITY 2 ACQ READ (HIGH) 

Bits 0 - 7 This status register contains the upper byte bits (8-15) of the measured signal quality of the carrier phase variance 

used for acquisition. This register combined with the lower byte generates a 16-bit value, representing the measured 
signal quality of the carrier phase variance. This measurement is made during acquisition at each antenna dwell and 
Is based on the selected best antenna. 

_ CONFIGURATION REGISTER 33 ADDRESS (84h) RX SIGNAL QUALITY 2 ACQ READ (LOW) _ 

Bits 0 - 7 This status register contains the lower byte bits (0-7) of the measured signal quality of the carrier phase variance used 

for acquisition. This register combined with the lower byte generates a 16-bit value, representing the measured signal 
quality of the carrier phase variance. This measurement is made during acquisition at each antenna dwell and is based 
on the selected best antenna 

_ CONFIGURATION REGISTER 34 ADDRESS (88h) RX SIGNAL QUALITY 2 DATA THRESHOLD (HIGH) _ 

Bits 0-7 This control register contains the upper byte bits (8-15) of the carrier phase variance threshold. This register combined 

with the lower byte represents a 16-bit threshold value for the carrier phase variance signal quality measurements 
made every 128 symbols. 

_ CONFIGURATION REGISTER 35 ADDRESS (8Ch) RX SIGNAL QUALITY 2 DATA THRESHOLD (LOW) _ 

Bits 0-7 This control register contains the lower byte bits (0-7) of the carrier phase variance threshold. This register combined 

with the upper byte) represents a 16-bit threshold value for the carrier phase variance signal quality measurements 
made every 128 symbols. 

_ CONFIGURATION REGISTER 36 ADDRESS (90h) RX SIGNAL QUALITY 2 DATA READ (HIGH) __ 

Bits 0-7 This status register contains the upper byte bits (8-15) of the measured signal quality of the carrier phase variance. 

This register combined with the lower byte represents a 16-bit value, of the measured carrier phase variance. This 
measurement is made every 128 symbols. 

_ CONFIGURATION REGISTER 37 ADDRESS (94h) RX SIGNAL QUALITY 2 DATA READ (LOW) _ 

Bits 0-7 This register contains the lower byte bits (0-7) of the measured signal quality of the carrier phase variance. This register 

combined with the represents a 16-bit value, of the measured carrier phase variance. This measurement Is made every 
128 symbols. 

_ CONFIGURATION REGISTER ADDRESS 38 (98h) RX SIGNAL QUALITY 8-BIT READ _ 

Bits 0 - 7 This 8-bit register contains the bit sync amplitude signal quality measurement derived from the 16-bit Bit Sync signal 

quality value stored in the CR28-29 registers. This value is the result of the signal quality measurement for the best 
antenna dwell. The signal quality measurement provides 256 levels of signal to noise measurement. 
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_ CONFIGURATION REGISTER 39 ADDRESS RESERVED _ 

Reserved 

__ CONFIGURATION REGISTER 40 ADDRESS RESERVED __ 

Reserved 

_ CONFIGURATION REGISTER 41 ADDRESS (A4h) SFD SEARCH TIME _ 

Bits 0 - 7 This register is programmed with an 8>bit value which represents the length of time for the demodulator to search for 

a SFD In a receive Header. ESch bit Increment represents 1 symbol period. 

_ CONFIGURATION REGISTER 42 ADDRESS (A8h) DSBPSK SIGNAL _ 

Bits 0 - 7 This register contains an 8-bit value indicating the data packet modulation is DBPSK. This value will be a OAH for full 

protocol operation at a data rate of 1 MBPS, and is used in the transmitted Signalling Field of the header. This value 
will also be used for detecting the modulation type on the received Header. 

__ CONFIGURATION REGISTER 43 ADDRESS (ACh) DQPSK SIGNAL _ 

Bits 0 - 7 This register contains the 8-bit value indicating the data packet modulation is DQPSK. This value will be a 14h for full 

protocol operation at a data rate of 2 MBPS and is used in the transmitted Signalling Field of the header. This value 
will also be used for detecting the modulation type on the received header. 

_ CONFIGURATION REGISTER 44 ADDRESS (BOh) RX SERVICE FIELD (RESERVED) _ 

Bits 0 - 7 This register contains the detected received 8-bit value of the Service Field for the Header. This field is reserved for 

the full protocol mode for future use and should be always a OOh. 

_ CONFIGURATION REGISTER 45 ADDRESS (B4h) RX DATA LENGTH (HIGH) __ 

Bits 0 - 7 This register contains the detected higher byte (bits 8-15) of the received Length Field contained in the Header. This 

byte combined with the lower byte indicates the number of transmitted bits in the data packet. 

_ CONFIGURATION REGISTER 46 ADDRESS (B8h) RX DATA LENGTH (LOW) __ 

Bits 0 - 7 This register contains the detected lower byte of the received Length Field contained in the Header. This byte com¬ 

bined with the upper byte indicates the number of transmitted bits in the data packet. 

__ CONFIGURATION REGISTER 47 ADDRESS (BCh) RX CRC16 (HIGH) _ 

Bits 0 - 7 This register contains the upper byte bits (8 -15) of the received CRC16 field Header. This register combined with the 

lower byte represents a 16-bit CRC16 value protecting transmitted header. The fields protected are selected by con¬ 
figuring the header control bits at configuration register 2. 

_ CONFIGURATION REGISTER 48 ADDRESS (COh) RX CRC16 (LOW) _ 

Bits 0 - 7 This register contains the lower byte bits (0-7) of the received CRC16 field Header. This register combined with the 

upper byte represents a 16-bit CRC16 value protecting transmitted header. The fields protected are selected by con¬ 
figuring the header control bits at configuration register 2. 



MSB LSB 

RX_CRC16 

15 14131211 10 9 87 65432 1 0 

RX_CRC16(HIGH) 

7 6 5 4 3 2 1 0 

RX_CRC16(LOW) 

76543210 


NOTE: The receive CRC16 Field protects the following fields depending 
upon the mode selection, as defined in configuration register 2. 

Mode 0 CRC16 not used 

Mode 1 CRC16 protects SFD 

Mode 2 CRC16 protects SFD, and Length Field 

Mode 3 CRC16 protects Signalling Field, Sen/ice Field, and Length Field 
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_ CONFIGURATION REGISTER 49 ADDRESS (C4h) SFD (HIGH) _ 

Bits 0 - 7 This 8-bit register contains the upper byte bits (8-15) of the SFD used for both the Transmit and Receive header. This 

register combined with the iower byte represents the 16-bit vaiue for the SFD fieid. 

CONFIGURATION REGISTER 50 ADDRESS (C8h) SFD (LOW) 

Bits 0 - 7 This 8-bit register contains the upper byte bits (0-7) of the SFD used for both the Transmit and Receive header. This 

register combined with the iower byte represents the 16-bit vaiue for the SFD fieid. 

_ CONFIGURATION REGISTER 51 ADDRESS (CCh) TX SERVICE FIELD _ 

Bits 0-7 This 8-bit register is programmed with the 8-bit vaiue of the Service Fieid to be transmitted in a Header. This fieid is 

reserved for future use and shouid be aiways a OOh. 

_ CONFIGURATION REGISTER 52 ADDRESS (DOh) TX DATA LENGTH FIELD (HIGH) _ 

Bits 0 - 7 This 8-bit register contains the higher byte (bits 8-15) of the transmit Length Fieid described in the Header. This byte 

combined with the iower byte indicates the number of bits to be transmitted in the data packet. CR 52/53 shouid not 
be set to OOOOh. This vaiue wouid cause the modem to reset after SFD. 

_ CONFIGURATION REGISTER 53 ADDRESS (D4h) TX DATA LENGTH FIELD (LOW) __ 

Bits 0 - 7 This 8-bit register contains the lower byte bits (0-7) of the transmit Length Field described in the Header. This byte 

combined with the higher byte indicates the number of bits to be transmitted in the data packet, including the MAC 
payload header. CR 52/53 should not be set to OOOOh. This value would cause the modem to reset after SFD. 

_ CONFIGURATION REGISTER 54 ADDRESS (D8h) TX CRC16 (HIGH) _ 

Bits 0 - 7 This 8-bit register contains the upper byte (bits 8-15) of the transmitted CRC16 Field for the Header. This register 

combined with the lower byte represents a 16-bit CRC16 value calculated by the HSP3824 to protect the transmitted 
header. The fields protected are selected by configuring the header mode control bits at register address 02. 

_ CONFIGURATION REGISTER 55 ADDRESS (DCh) TX CRC16 (LOW) _ 

Bits 0 - 7 This 8-blt register contains the lower byte (bits 0-7) of the transmitted CRC16 Field for the Header. This register com¬ 

bined with the higher byte represents a 16-bit CRC16 value calculated by the HSP3824 to protect the transmitted 
header. The fields protected are selected by configuring the header mode control bits at register address 02. 
configuration register 2__ 



MSB LSB 

RX_CRC16 

1514131211 10987 65432 1 0 

RX_CRC16(HIGH) 

7 6 5 4 3 2 1 0 

RX_CRC16(LOW) 

765432 1 0 


NOTE; The receive CRC16 Field protects the following fields depending 
upon the mode selection, as defined in register address 02. 

Mode 0 CRC16 not used 

Mode 1 CRC16 protects SFD 

Mode 2 CRC16 protects SFD, and Length Field 

Mode 3 CRC16 protects Signalling Field, Service Field, and Length Fieid 


_ CONFIGURATION REGISTER 56 ADDRESS (EOh) TX PREAMBLE LENGTH _ 

Bits 0 - 7 This register contains the count for the Preamble length counter. This counter is programmable up to 8 bits and rep¬ 

resents the number of preamble bits. This shouid be set at 50h for 1 antenna and 80h for dual antennas. 
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HSP3824 at 33MHz 


Absolute Maximum Ratings Thermal Information 

Supply Voltage.7.0V Thermal Resistance (Typical, Note 5) 0ja(°C/W) 

Input, Output or I/O Voltage.GND -0.5V to Vcc+0.5V TQFP Package. 80 

ESD Classification.Class 1 Maximum Storage Temperature Range.-65°C to 150°C 

Maximum Junction Temperature... 150°C 

Operating Conditions Maximum Lead Temperature (Soldering 10s)..300°C 

Operating Voltage Range.+2.70V to 4-5.50V (Lead Tips Only) 

Operating Temperature Range.-40°C to 85°C 

Die Characteristics 

Gate Count. 25,000 Gates 

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


5. 0JA is measured with the component mounted on an evaluation PC board in free air. 


DC Electrical Specifications Vcc = 3.ov to 5.ov ±io%, t^ = -40°c to 85°c 


PARAMETER 


Power Supply Current 



TEST CONDITIONS 


Vcc = 3-5V, CLK Frequency 22MHz 
(Notes 6, 7) 


Vcc = Max, Outputs Not Loaded 


Vcc = Max, Input = OV or Vcc 


Vcc= Max, Input = ON/ or Vcc 


Vcc = Max, Min 


Vcc= Min, Max 


OH = -Inr^A, Vcc = Min 


OL = 2mA, Vcc = Min 


CLK Frequency 1 MHz. All measurements 
referenced to GND. T^ = 25°C, Note 7 





Input Leakage Current 


Output Leakage Current 


Logical One Input Voltage 


Logical Zero Input Voltage 


Logical One Output Voltage 


Logical Zero Output Voltage 


Input Capacitance 


Output Capacitance 


NOTES: 

6. Output load 30pF. Iccop = 5-5 + 4.7(V) + 3.7E - 7 (V)(f); V = Volts, f = Freq. Example: 5.5 + 4.7(5.5) + 3.7E - 7(5.5)(22E6) = 77 

7. Not tested, but characterized at initial design and at major process/design changes. 

AC Electrical Specifications Vcc = 3.ov to 5.ov±io%, t^ = -40°c to 85°c, (Note 8) 


PARAMETER 


CLK Period (MCLK) 


CLK High (MCLK) 


CLK Low (MCLK) 


Setup Time to MCLK (TXD) 


Hold Time from MCLK (TXD) 


SCLK Clock Period 


SCLK High 


SCLK Low 


Set up to SCLK (SD, AS, R/W, CS) 


Hold Time from SCLK (SD. AS, R/W, CS) 


Output Enable of Sd from R/W High 


Output disable of SD after R/W Low 


TXCLK, TXRDY, I, Q from MCLK 


RXCLK, MD_RDY, RXD from MCLK 


TEST 0-7, CCA, AGC, from MCLK 


ANSTEL, TEST_CK 


OUTPUT Rise/Fall 


NOTES: 

8. AC tests performed with Cl= 40pF, Iql= 2mA, and Iqh = -ImA. Input reference level all inputs 1.5V. Test V|h=V cc. V|l=OV; Vqh=Vql=V co/2. 

9. Not tested, but characterized at initial design and at major process/design changes. 

10. Measured from V|l to V|h. 



ns (Note 9) 


ns (Note 9) 


ns (Note 9,10) 
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HSP3824 at 44MHz 


Absolute Maximum Ratings 


Thermal Information 


Supply Voltage.7.0V Thermal Resistance (Typical, Note 11) 


ejA(°C/W) 


Input, Output or I/O Voltage.. GND -0.5V to Vqc +0.5V jqfp Package. 80 

ESD Classification.Class 1 Maximum Storage Temperature Range.-65°C to 150°C 

Maximum Junction Temperature.150°C 

Operating Conditions Maximum Lead Temperature (Soldering 10s).300°C 

Operating Voltage Range..+3.3V to +5.0V 

Operating Temperature Range.-40°C to 85°C 

Die Characteristics 

Gate Count. 25,000 Gates 

CAUTION: Stresses atMve those listed in “Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operationai sections of this specification is not impiied. 

NOTE: 

11. Oja is measured with the component mounted on an evaluation PC board In free air. 




DC Electrical Specifications Vcc ^ 3.3V to 5.ov Ta = -40^ to 85^c 


PARAMETER 


Power Supply Current 


TEST CONDITIONS 


Vcc * 3.5V, CLK Frequency 44MHz 
(Notes 12,13) 


See previous DC table for remaining DC specifications 



12. Output load 30pF, Iccop = 5-5 + 4.7(V) + 3.7E - 7 (V)(f); V * Volts, f = Freq. Example: 5.5 + 4.7(5.0) + 3.7E - 7(5.0)(44E6) = 111 

13. Not tested, but characterized at Initial design and major process/design changes. 

AC Electrical Specifications Vcc = 3.3V to 5.ov, Ta = -40° to 85®, (Note 14) 


CLK Period (MCLK) 


CLK High (MCLK) 


CLK Low (MCLK) 


TXCLK, TXRDY, I, Q from MCLK 


RXCLK, MD.RDY, RXD from MCLK 


TEST 0-7, CCA, AGC, from MCLK 


ANSTEL, TEST_CK 


See previous AC table for remaining AC specifications 


NOTE: 

14. AC tests performed with Cl = 40pF, Iql = 2mA, and Iqh = *1mA. Input reference level ail inputs 1.5V. Test V|h = Vcc, V|l = OV; 

Voh = Vol = Vcc/2. 



Test Circuit 


(NpTE 
S 


(NOTE 15) y 



NOTES: 

15. Includes Stray and JIG Capacitance 

16. Switch SI Open for Iccsb ^ind Iccop 


EQUIVALENT CIRCUIT 


FIGURE 22. TEST LOAD CIRCUIT 
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Waveforms 



FIGURE 24. TX PORT SIGNAL TIMING 



•“ H 

NOTE: RXD is output one MCLK after RXCLK rising to provide data hold time. 

FIGURE 25. RX PORT SIGNAL TIMING 
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SEMICONDUCTOR 


HFA3925 


January 1997 


2.4GHz - 2.5GHz 
250mW Power Amplifier 


Features 

• Highly Integrated Power Amplifier with T/R Switch 

• Operates Over 2.7V to 6V Supply Voltage 

• High Linear Output Power (PtdB- +24dBm) 

• Individual Gate Control for Each Amplifier Stage 

• Low Cost SSOP-28 Plastic Package 

Applications 

• Systems Targeting iEEE 802.11 Standard 

• TDD Quadrature-Modulated Communication 
Systems 

• Wireless Local Area Networks 

• PCMCIA Wireless Transceivers 

• ISM Systems 

• TDMA Packet Protocol Radios 

• PCS/Wireless PBX 

• Wireless Local Loop 

Ordering Information 

TEMP. PKC 

PART NUMBER RANGE PACKAGE NO 


vVM Description 

j I The Harris 2.4GHz PRISM^^ 

I chip set is a highiy integrated 

^7y five-chip solution for RF 

modems employing Direct 
Sequence Spread Spectrum (DSSS) signaling. The 
HFA3925 2.4GHz-2.5GHz, 250mW power amplifier is one of 
the five chips In the PRISM^^ chip set (see the Typical Appli¬ 
cation Diagram). 

The Harris HFA3925 is an integrated power amplifier with 
transmit/receive switch in a low cost SSOP 28 plastic pack¬ 
age. The power amplifier delivers +27dB of gain with high 
efficiency and can be operated with voltages as low as 2.7V. 
The power amplifier switch is fully monolithic and can be 
controlled with CMOS logic levels. 

The HFA3925 Is Ideally suited for QPSK, BPSK or other lin¬ 
early modulated systems in the 2.4GHz Industrial, Scientific, 
and Medical (ISM) frequency band. It can also be used in 
GFSK systems where levels of +25dBm are required. Typical 
applications include Wireless Local Area Network (WLAN) 
and wireless portable data collection. 


HFA3925IA96 


-40 to 85 28 Ld SSOP 

-40 to 85 Tape and Reel 


Pinout 


HFA3925 
(SSOP) 
TOP VIEW 


GND [T 
GND [? 
GND U 
GND [T 
GND [? 
GND [6 
GND [7 
RXOUT U 
Vg2 [1 
GND 02 

Vddi E 

GND 01 
GND 01 

voi Ei 


^ GND 
^ VddTR 
^ T/R CNTRL 
^ RFOUT 
^ GND 

^ Voo3 

^ GND 
^ GND 
^ GND 
^ GND 

i5|VDD2 

igvGs 

^ GND 
isl RFIN 


PRISM™ and the PRISM™ logo are trademarks of Harris Corporation. 


CAUTION; These devices are sensitive to electrostatic discharge. Users shouid foliow proper 1C Handiing Procedures. 
Copyright © Harris Corporation 1997 o i 



File Number 4132.3 







HFA3925 
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Absolute Maximum Ratings Thermal Information 

Maximum Input Power (Note 2).+23clBm Thermal Resistance (Typical, Note 1) 0 ja(°CA/V) 

Operating Voltages (Notes 2,3). Vdd = 8V, Vqg = ’8V SSOP Package. 88 

Maximum Storage Temperature Range.-65°C to 150°C 

Operating Conditions 

Temperature Range..-40°C to 85°C 

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


1. Gja is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications Ta « 25^C, Zq = sou Vqd = +5V, P|n »-SOdBm, f == 2.45 GHz, Unless otherwise Specified 


PARAMETER 


POWER AMPLIFIER 


VSWR In/Out 


Input Return Loss 


Output Return Loss 


Output Power at PidB 


Second Harmonic at Pi(Jb 


Third Harmonic at PidB 


IDD at PIdB (VDD1 + VDD2 + VDD3) 


NOTES: 

2. Ambient temperature (Ta) - 25°C. 

3. I Vdd I + IVgqI not to exceed 12V. 



Pin Description 



DESCRIPTION 


DC and RF Ground. 


DC and RF Ground. 


DC and RF Ground. 


DC and RF Ground. 


DC and RF Ground. 


DC and RF Ground. 


DC and RF Ground. 


Output of T/R Switch for receive mode. 


Negative bias control for the second PA stage, adjusted to set Vdd 2 quiescent bias current, which is 
typically 53mA. Typical voltage at pin = -0.75V. Input Impedance: > IMil 


DC and RF Ground. 


Positive bias for the first stage of the PA, 2.7V to 6V. 


DC and RF Ground. 


DC and RF Ground. 


Negative bias control for the first PA stage, adjusted to set Vddi quiescent bias current, which is typ¬ 
ically 20mA. Typical voltage at pin = -0.75V. input impedance: > 1MQ. 


RF Input of the Power Amplifier. 


DC and RF Ground. 
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Pin Description (Continued) 


PINS 

SYMBOL 

DESCRIPTION 

17 

Vg3 

Negative bias control for the third PA stage, adjusted to set Vdd 3 quiescent bias current, which is typ¬ 
ically 90mA. Typical voltage at pin = -0.95V. Input impedance: > IMG. 

18 

VdD2 

Positive bias for the second stage of the PA. 2.7V to 6V. 

19-22 

QND 

DC and RF Ground. 

23 

VdD3 

Positive bias for the third stage of the PA. 2.7V to 6V. 

24 

GND 

DC and RF Ground. 

25 

RF OUT 

RF output of T/R switch and power amplifier for transmit mode. 

26 

T/R CTRL 

OV for transmit mode, +5V for receive mode. 

27 

VddTR 

Vdd for T/R switch. 

28 

GND 

DC and RF Ground. 


NOTE: Process variation wiil effect Vqs voitage requirement to develop 90mA stage 3 quiescent current, typical range = -0.75V to -1.14V. 

lypicai Performance Curves 

Power Amplifier Small Signal Performance NOTE: All data measured at Ta = 25°C and Vqi, Vg 2 and Vq 3 adjusted for first stage 
quiescent current of 20mA, second stage current of 53mA and third stage current of 90mA, respectively 



2 2.4 2.6 

FREQUENCY (GHz) 

FIGURE 1. LINEAR GAIN 




-I -30 

3.0 2.0 



.2 2.4 2.6 

FREQUENCY (GHz) 

FIGURE 2. INPUT MATCH 



2.0 2.2 2.4 2.6 2.8 3.0 

FREQUENCY (GHz) 

FIGURE 3. OUTPUT MATCH 

Power Amplifier CW Performance at Various Supply Voltages NOTE: All data measured at Ta = 25°C and Vq^ , Vg 2 and Vg 3 
adjusted for first stage quiescent current of 53mA, second stage current of 70mA and third stage current of 90mA, respectively. 
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Typical Performance Curves (Continued) 



POWER INPUT (dBm) INPUT POWER (dBm) 


FIGURE 4. POWER OUTPUT FIGURE 5. POWER ADDED EFFICIENCY 



INPUT POWER (dBm) 
FIGURE 6. GAIN COMPRESSION 


Power Amplifier Temperature Performance NOTE: All data measured at Ta ~ 25°C and Vqi, Vq 2 and Vq 3 adjusted for first stage 
quiescent current of 20mA, second stage current of 53mA and third stage current of 90mA, respectively. 



FREQUENCY (GHz) INPUT POWER (dBm) 

FIGURE 7. LINEAR GAIN FIGURE 8. POWER OUTPUT 








IMR (dBc) 


HFA3925 


Typical Performance Curves (continued) 



.51-— . - 1 — 

-20 -15 -10 -5 

INPUT POWER (dBm) 


FIGURE 9. GAIN COMPRESSION 


Power Amplifier Spurious Response at Various Supply Voltages NOTE: All data measured at Ta = 25°C and Vq^, Vq 2 and 
Vq 3 adjusted for first stage quiescent current of 20mA, second stage current of 53mA and third stage current of 90mA, respectively. 



13 17 21 25 15 17 19 21 

FUNDAMENTAL Pqut OF TONES (dBm) FUNDAMENTAL Pqut (dBm) 


FIGURE 10. THIRD ORDER INTERMODULATiON RATIO FIGURE 11. SECOND HARMONIC RATIO 



FUNDAMENTAL Pqut (dBm) 


FIGURE 12. THIRD HARMONIC RATIO 
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Typical Performance Curves (Continued) 

Transmit^Receive Switch Performance NOTE: All data measured with VpD TR = +5V, Ta = 25°C. 

0 , 



2.0 2.2 2.4 2.6 2.8 3.0 

FREQUENCY (GHz) 

FIGURE 13. RECEIVE MODE T/R INSERTION LOSS/ISOLATION 








INPI^ 




'output 



2.0 2.2 2.4 2.6 2.8 

FREQUENCY (GHz) 

FIGURE 14. RECEIVE MODE T/R SWITCH MATCH 


Typical Application Example 


RXOUT q 

(50Q TRANSMISSION LINE) 
Vg2 (•) O— 

R3 






• r 






II 

C 24 


(50QTRA1 

-l-c 

: r 


i"’* 



r 

AAA n 


:R4 

f 

Ri 


Vdd (T/R ANT) 


Hi . - . . . ORF IN 

C 23 (50Q TRANSMISSION LINE) 


EXTERNAL CIRCUITRY PARTS LIST 


LABEL 

VALUE 

PURPOSE 

C 3 -C 5 

22pF 

Bypass (GHz) 

C23-C25 

22pF 

DC Block 

C11-C16 

lOOOpF 

Bypass (MHz) 

C18-C22 

O.OlpF 

Bypass (kHz) 

Ri.Re 

1.5kQ 

FET Gate Divider 

R3. R5 

5kQ 

Network 

R2 

12 ka 


R4 

IRQ 



NOTE: All off-chIp components are low cost surface mount components 
obtainable from multiple sources. (0.020in x 0.040in or O.OSOin x O.OSOin.) 
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SEMICONDUCTOR 


PRISM™ 

Full Duplex Radio Front End 


PRELIMINARY 

November 1996 


For Voice and Data 


Features 

• Provides Antenna-to-l/Q Baseband Stream 

• Low Voltage Operation from 2.7V to 5.5V 

• 1.7GHz - 2.7GHz ISM Band Operation 

• Single Heterodyne Conversion 

• Programmable Antialiasing and Shaping Filters 

• 10MHz to 400MHz IF Operation with AGC 

• Transmit Variable Gain Range.60dB 

• Receive AGC Range.76dB 

• Chip Rates to 22M Chip/s 

• Power Management Control 

• Low Profile PCMCIA-Compatible Surface Mount 
Packaging 

Applications 

• Wireless Local Loop Systems 

• PCMCIA Wireless Transceivers 

• WLAN RF Modems 

• TDMA/CDMA Radios 

• Part 15 Compliant Radio Links 

• Full Duplex Point To Point Transceivers 

• PCM RepeaterATransceivers 


Typical Application Diagram 


Description 

The Harris PRISM^» Full Duplex 
I Front End Chip Set is a 

'// j highly integrated 7 chip solution 
for RF modems or transceivers 
employing quadrature modulation and demodulation. 
Significant Integration of independent transmit and receive 
functions employ seven ICs. The Receive chain consists of: 
The HFA3424/21, two high performance, low noise LNA’s 
which cover the 1.7GHz to 2.7GHz range; the HFA3661, a 
full frequency range combined second LNA/down converter 
mixer with an LNA bypass mode; the HFA3761, a 10MHz to 
400MHz, 82dB IF AGC amplifier with 76dB of dynamic 
range, integrated with a quadrature demodulator and 
selectable low pass filters. 

The Transmit chain Includes: The HFA3763, a 10MHz to 
400MHz quadrature modulator integrated with selectable 
low pass shaping filters and an output stage with a gain con¬ 
trol range from 8dB to -35dB; the HFA3663/64 are two IF to 
RF upconverters integrated with an output RF AGC amplifier 
with gain control range of 20dB to -lOdB; and the HFA3925, 
a monolithic RF power amplifier. To complete the set, Harris 
offers a dual synthesizer for RF and IF local oscillator appli¬ 
cations, the HFA3524. Each of these functions may be used 
Individually or in any combination of a variety of RF modem 
applications. 

This chip set is intended to support a variety of full duplex 
radio applications that employ modulation and demodulation 
architectures requiring highly linear analog processing 
schemes. Harris also offers a complete line of high speed 
A/D and D/A converters that can interface with this Full 
Duplex Chip Set. 


PRISM^M FULL DUPLEX CHIP SET 


I HFA3424/21 
I (File *4131) 


HFA3661 
(File #4240) 

ILNAI RF/IF 
CONVERTER 


SYNTHESIZER 


HFA3761 (File #4236) 


SYNTHESIZER 


tAGCl IF/RF 
CONVERTER 


HFA3663 (File #4241) 
HFA3664 (File #4242) 



PRISM™ and the PRISM™ logo are trademarks of Harris Corporation. 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1C Handling Procedures. 
Copyright © Harris Corporation 1996 o 111 


OPTIONAL WHEN IN 
ANALOG MODE 


PRISM^ FULL DUPLEX RADIO 
CHIPSET, FILE#4238 


File Number 4238 























COMMUNICATION 



WIRED COMMUNICATIONS 


Wired Communications Selection Guide. 4-3 

Wired Communications Data Sheets 

Digital Subscriber Line. 4-8 

HC6094 ADSL Analog Front End Chip. 4-9 

HI5905 14-Bit, 5 MSPS A/D Converter. 4-11 

Wireless Local Loop/ISDN Modems/Cable Telephony. 4-12 

HC5517 Ringing SLIC Subscriber Line Interface Circuit. 4-13 

Central Office. 4-32 

HC5519 SLIC Subscriber Line Interface Circuit. 4-33 

HC5520 SLIC Subscriber Line Interface Circuit. 4-34 

HC5521 SLIC Subscriber Line Interface Circuit. 4-35 

HC5513 SLIC Subscriber Line Interface Circuit. . 4-36 

HC5515 SLIC Subscriber Line Interface Circuit. 4-54 

HC5523 SLIC Subscriber Line Interface Circuit. 4-72 

HC5526 SLIC Subscriber Line Interface Circuit. 4-90 

HC5509A1R3060 SLIC Subscriber Line Interface Circuit. 4-108 

HC-5509B SLIC Subscriber Line Interface Circuit. 4-117 

Private Automatic Branch Exchange (PABX). 4-128 

HC-5504B1 SLIC Subscriber Line Interface Circuit. 4-129 

HC-5502B1 SLIC Subscriber Line Interface Circuit. 4-138 

HC-5504B SLIC Subscriber Line Interface Circuit. 4-147 

HC-5502B SLIC Subscriber Line Interface Circuit. 4-156 

CD22354A, CMOS Single-Chip, Full-Feature PCM CODEC. 4^165 

CD22357A 

HC-5524 SLIC Subscriber Line Interface Circuit. 4-175 


4-1 


WIRED 

COMMUNICATIONS 































Wired Communications (continued) 

PAGE 

Key Telephone Systems 

CD22100 CMOS 4x4 Crosspoint Switch with Control Memory High-Voltage Type (20V Rating). 4-184 

CD22101, CD22102 CMOS 4x4x2 Crosspoint Switch with Control Memory. 4-193 

CD22M3493 12x8x1 BiMOS-E Crosspoint Switch. 4-205 

CD22M3494 16x8x1 BiMOS-E Crosspoint Switch. 4-210 

CD74HC22106, QMOS 8x8x1 Crosspoint Switches with Memory Control. 4-216 

CD74HCT22106 

PCM Interface Products 

CD22103A CMOS HDB3 (High Density Bipolar 3) Transcoder for 2.048/8.448Mb/s 

T ransmission Applications. 4-225 

CD22301 Monolithic PCM Repeater. 4-231 

HC-5560 PCM Transcoder. 4-236 

DTMF Receivers/Qenerators 

CD22202, CD22203 5V Low Power DTMF Receiver. 4-245 

CD22204 5V Low Power Subscriber DTMF Receiver. 4-251 

CD22859 Monolithic Silicon COS/MOS Dual-Tone Multifrequency Tone Generator. 4-256 

Low Bit Rate Voiceband Encoders/Decoder 

HC-55564 Continuously Variable Slope Delta-Modulator (CVSD). 4-261 

AN9640 “Glossary of Communication Terms” (32 pages) is not included in this data book, but is avaliable on the net at 
http://www.semi.harris,coin/appnotes/an9640/ and Harris AnswerFAX (407-724-7800) document # 99640. 
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ANALOG INTERFACE AT CENTRAL OFFICE SWITCH OR PBX SWITCH END 


sue SUBSCRIBER LINE INTERFACE CIRCUITS | 

PART NUMBER 

HC-5502B/1 

HC-5504B/1 

HC-5524 

HO5509B 

HC5509A1R3060 

HC5513B 

HC5523 

HC5526 

HC5515 

HC5517 

HC5519 

HC5520 

HC5521 

Status 

Released 

Released 

Released 

Released 

Released 

Released 

Released 

Released 

Released 

Released 

Sampling 

Sampling 

Sampling 

Replacement for 





PBL3764 

PBL3764/A 


PBL3860 

PBL3860A 






Application 

PABX 

PABX 

PABX 

Central 

Office 

Central Office 

Loop Carrier 

Central Office 

Loop Carrier 

PABX 

ISDN Modems 
Cable 
Telephony 
WLL 

Central Office 
Includes 
Combo 

Central 

Office 

Central 

Office 

PABX 

Longitudinal Balance 

58dB 

58dB 

58dB 

58dB 

58dB 

55dB 

58dB 

53dB 

53dB 

58dB 

48dB 

48dB 

48dB 

Relay Drivers 

Ring 

Ring 

Ring +1 

Ring +1 

Ring +1 

Ring 

Ring 

Ring 

Ring 

1 

Ring + 2 

Ring + 2 

Ring + 2 

Ringing Schemes 

Ext. 

Ext. 

Ext. 

Ext. 

Ext. 

Ext. 

Ext. 

Ext. 

Ext. 

Ext. 

Ext. 

Ext. 

Ext. 

High, Low Voltage Op. 



X 



X 

X 

X 

X 

X 




Constant Voltage Feed 

X 

X 

X 

X 

X 





X 

X 

X 

X 

Constant Current Feed 



X 

X 

X 

X 

X 

X 

X 





Programmable Feed 



X 

X 

X 

X 

X 

X 

X 

X 




Loop Current (mA) 

30 

40 

20 to 60 

20 to 60 

20 to 60 

20 to 60 

20 to 60 

20 to 60 

20 to 60 

20 to 60 

30 

30 

30 

RIoop 20mA at 48V 

1400 

1400 

1800 

1800 

1800 

2000 

2000 

2000 

2000 

Short Loop 

1710 

1710 

1710 

Thermal Management 











X 

X 

X 

Tip and Ring Open 



X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Loop Current Detector 

X 

X 

m 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Ground Key Detector 

X 

X 

X 

X 

X 

X 

X 

X 

bh 




bh 

Ring Trip Detector 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Zero Crossing Detection 











X 

X 

X 

Thermal Shutdown 



X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Qlgllljjllll 



a 

X 

X 




■ 

X 

X 

a 

X 

On Hook Transmission 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Saturation Guard 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

On-Chip Transhybrid Bal. 











X 



-40°C to 85°C 

X 

X 

X 

X 


X 

X 

X 

X 

X 




Standard Packages 

PDIP 

PDIP 

PDIP 

PDIP 

PLCC 

PDIP 

PDIP 

PDIP 

PDIP 

PLCC 

MQFP 

MQFP 

MQFP 


PLCC 

PLCC 

PLCC 

PLCC 


PLCC 

PLCC 

PLCC 

PLCC 

SO 


PLCC 

PLCC 


SO 

SO 

SO 

SO 










AnswerFAX Doc# 

2884/4127 

2886/4125 

2798 

2799 

3675 

3963 

4144 

4151 

4235 

4147 

4232 

4148 

4265 


WIRED 

COMMUNICATIONS 



Wired Communications Selection Guide 






























































































































































































Wired Communications Seiection Guide 


ANALOG INTERFACE AT CENTRAL OFFICE SWITCH OR PBX SWITCH END 


CMOS CODECs 

COMPLEMENTARY METAL-OXIDE SEMICONDUCTOR 

PART 

NUMBER 

FEATURES 

CLOCK RATES 

SUPPLY 

VOLTAGE 

PACKAGE 

NON-LINEAR ANALOG TO DIGITAL AND DIGITAL TO ANALOG CONVERTER FOR VOICE AND PCM (PULSE CODE MODULATION) SIGNALS 

CD22354A 

(H-Law) 

• Meets or Exceeds All AT&T D3/D4 Specs CCITT 
Recommendations 

• Complete CODEC and Filtering Systems 

- No External Components for Sample-and- 
Hold and Auto-Zero 

- Receive Output Filter with SIN X/X 

Correction and Additional 8kHz 

Suppression 

• Variable Data Clocks - From 64kHz to 2.1MHz 

• Synchronous and Asynchronous Operation 

• TTL or CMOS Compatible Logic 

• ESD Protection on All Inputs and Outputs 

• Adjustable Gain for Transmit Input 

64kHz to 2.1MHz 

±5V±5%at90mW 

(Max) 

16 Lead DIP (E) 

CD22357A 

(A-Law) 


CROSSPOiNT SWITCHES 

TYPE 

FEATURES 

CONFIGU¬ 

RATION 

Ron 
TYP 
at 12V 

A 

Ron 
TYP 
at 12V 

FREQ. 
RESPONSE 
TYP -3dB 
14V 

CROSSTALK 

TYP-40dB 

14V 

SUPPLY 

VOLTAGE 

PACKAGE 

BIMOS-E CROSSPOINT SWITCHES WITH CONTROL INPUT MEMORY 

CD22M3493 

CD22M3494 

• Independent Address Latches 

• Manual and Automatic Power- 
On Resets 

• Crosstalk:-90dB (Min) at 10kHz 

• Parallel Input Addressing 

• HC/HCT Ground-Referenced 
Inputs Available 

• 2kV Minimum ESD Protection 

• Latch-Up Current: 50mA Min 

• Pin and Functionally Compatible 
with the SGS M3493/M3494 
and Mitel MT8812/MT8816 

12 x 8 x 1 

16x8x1 

36Q 

60 

45MHz 

3MHz 

4Vto16V 

CD22M3493 

4Vto15V 

CD22M3494 

40 Lead 

DIP (E) 

44 Lead 
PLCC (N) 

CMOS CROSSPOINT SWITCHES WITH CONTROL MEMORY 

CD22100 

• “Built-In” Control Latches 

• Large Analog Signal Capability 
±Vdd /2 

• 10MHz Switch Bandwidth 

• High Linearity - 0.5% Distortion 
Typ at f = 1kHz, Vjfg — 5Vp.p, 

Vdd = 10 V, and Rl = Ikft 

• Standard CMOS Noise 

Immunity 

• 100% Tested for Maximum Qui¬ 
escent Current at 20V 

4x4x1 

75Q 

180 

40MHz 

1.5MHz 

3Vto18V 

16 Lead 

DIP 

(Eor F) 

















































Wired Communications Seiection Guide 


CROSSPOINT SWITCHES (Continued) 

TYPE 

FEATURES 

CONFIGU¬ 

RATION 


RTS 

FREQ. 
RESPONSE 
TYP -3dB 
14V 

CROSSTALK 
TYP -40dB 
14V 

SUPPLY 

VOLTAGE 

PACKAGE 

CD22101 

• Strobed Control Input 

• “Built-In” Latched Inputs 

• Large Analog Signal Capability 

±Vdq /2 

• 10MHz Switch Bandwidth 

• High Linearity - 0.25% Distortion 
Typatf= 1 kH 2 , V,N = 5Vp.p, 

Vdd ■ Vss = 10 V, and Rl = Ikft 

• Standard CMOS Noise 

Immunity 

1 

750 

80 

40MHz 

2.5MHz 

3Vto18V 

24 Lead 

DIP 

(EorF) 

CD22102 

• Same as CD22101, but has 
Set/Reset Flip-Flop Control 

Input Instead of Strobed Control 
Input 

■ 

750 

80 

40MHz 

2.5MHz 

3Vto18V 

24 Lead 

DIP 

(EorF) 

CD54/74HC(T) 

22106 

• 64 Analog Switches in an 
8x8x1 Array 

• On-Chip Line Decoder and 
Control Latches 

• Automatic Power-Up Reset by 
Using a O.I^F Capacitor at the 
MR Pin 

• Ron Resistance 950 Max at 

Vcc = 4.5V 

• Analog Signal Capability Vdd/2 

8 x 8 x 1 

640 

250 

6 MHz 

7MHz 

2Vto10V 

28 Lead 

DIP (E) 


NOTE: High Performance Analog Switches Matrix for PBX, Studio, Audio Switching, and Multisystem Bus Interconnects. 


ANALOG INTERFACE AT SUBSCRIBER END 


CMOS DTMF RECEIVERS 

TYPE 

FEATURES 

OUTPUT 3-STATE 
OUTPUT CODE 

SUPPLY 

VOLTAGE 

PACKAGE 

CD22202 

• Detects Either 12 or 16 Standard DTMF Signals 

• Central-Office Quality 

• No Front-End Band Splitting Filters Required 

• Single, Low-Tolerance, 5V Supply 

• Uses Inexpensive 3.579545MHz Crystal for 
Reference 

• Excellent Speech Immunity 

• Synchronous or Handshake Interface 

• Three-State Outputs 

4-Bit Hexadecimal 
or Binary Coded 2- 
of-8 

5V±10% 

18 Lead DIP (E) 


CD22203 


Same as CD22202, but also has Early Detect 
Output 


4-Bit Hexadecimal 
or Binary Coded 2- 
of-8 


5V±10% 


18 Lead DIP (E) 


WIRED 

COMMUNICATIONS 































































Wired Communications Seiection Guide 


ANALOG INTERFACE AT SUBSCRIBER END 

CMOS DTMF RECEIVERS 

OUTPUT 3-STATE SUPPLY 

TYPE FEATURES OUTPUT CODE VOLTAGE PACKAGE 

CD22204 • No Front-End Band Splitting Filters Required 4-Bit Hexadecimal 5V ±10% 14 Lead DIP (E) 

• Single, Low-Tolerance, 5V Supply Only 24 SOIC (M) 

• Three-State Outputs for Microprocessor-Based 
Systems 

• Detects all 16 Standard DTMF Digits 

• Uses Inexpensive 3,579545MHz Crystal for 
Reference 

• Excellent Speech Immunity 

• Outputs in 4-Bit Hexadecimal Code 


CMOS DTMF TRANSMITTERS 

TYPE 

FEATURES 

OUTPUT 

(MIN) 

SUPPLY 

VOLTAGE 

PACKAGE 

CD22859 

• Mute Drivers on Chip 

• Device Power Can Either be Regulated DC or 
Phone Loop Current 

• Use of an Inexpensive 3.579545MHz TV Crystal 
Provides High Accuracy and Stability for All 
Frequencies 

350mV into 820 

2.5V to 10V 

16 Lead DIP (E) 


NOTE: Detects and Generates Special Tones for Standard Telephone Touch Tone Dialing Keypad. 


DIGITAL INTERFACE 


PCM LINE REPEATERS 

TYPE 

FEATURES 

OUTPUT 

SUPPLY 

VOLTAGE 

PACKAGE 

BIPOLAR 

CD22301 

• Automatic Line Buildout 

• For T1 1.544Mblts/s Bipolar Carrier System 

• For T148 2.37Mbits/s Ternary Carrier 

System 

• For CCITT 2.048Mbits/s Bipolar Carrier System 

Buffered 

5.1V ±5%, 

30mA Max 

18 Lead DIP (E) 


NOTE: Digital to Digital Converter to Bolster and Reshape Digital PCM Signals Distorted by Long Transmission Over PCM Bus Lines. 
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PCM TRANSCODERS 

TYPE 

FEATURES 

OUTPUT 

CODES 

SUPPLY 

VOLTAGE 

PACKAGE 

HC-5560 

• Mode Selectable Coding 

• North American and European Compatibility 

• Simultaneous Encoding and Decoding 

• Asynchronous Operation 

• Loop-Back Control 

• Transmission Error Detection 

• Alarm Indication Signal 

• Replaces MJ1440, MJ1471, and TCM2201 
Transcoders 

3.2mA at 
0.4V 

AMI (T1 andTIC) 
B 6 ZS (T2) 

B 8 ZS (T 1 ) 

HDB3 (PCM30) 

5V at 10mA 
Typ 

20 Lead DIP 
(E) 

CD22103A 

• Simultaneous Encoding and Decoding 

• HDB3 Coding and Decoding for Data Rates from 
50kbits/s to 10Mbits/s in a Manner Consistent 
with CCITT G703 Recommendations 

• HDB3/AMI Transmission Coding/Reception 
Decoding with Code Error Detection is Per¬ 
formed in Independent Coder and Decoder Sec¬ 
tions 

• All Transmitter and Receiver Inputs/Outputs are 
TTL Compatible 

• Internal Loop Test Capability 

1. 6 mA at 
0.5V 

HDB3/AMI 
per CCITT 

G703 Annex 
Recommendation 

5V ±10% 
at 100mA 
Max 

16 Lead DIP 
(E) 


NOTE: Unipolar to Bipolar Digital to Digital Converter for More Efficient Long Line Transmission of digital PCM signals. 


GENERAL INTERFACE 


CVSD 

CONTINUOUS VARIABLE SLOPE DELTA MODULATOR 

TYPE 

FEATURES 

CLOCK 

RATES 

SUPPLY 

VOLTAGE 

PACKAGE 

HC-55564 

• Modulator/Demodulator Functions 

• All Digital 

• Requires Few External Parts 

• Low Power Drain: 1.5mW Typical from Single 3V - 7V Supply 

• Time Constants Determined by Clock Frequency; No Calibration 
or Drift Problems; Automatic Offset Adjustment 

• Half Duplex Operation Under Digital Control 

• Filter Reset Under Digital Control 

• Automatic Overload Recovery 

• Automatic “Quiet” Pattern Generation 

• AGC Control Signal Available 

9kHz to 64kHz 

3.3V to 6V 
at 1.5mA 
Max 

16LeadSOIC 

(M) 

14 Lead DIP 
(E and F) 


NOTE: A Real Time Voice to Digital (Encoder) and Digital to Voice (Decoder) Converter. 


WIRED 

COMMUNICATIONS 









































Digital Subscriber Line 


ADSL APPLICATION 



• ADSL (Asymmetrical Digital Subscriber Line) Provides POTS and High 
Speed Data on ONE Existing Line 

• Does NOT Tie Up a Switched Circuit at Central Office 

• Data Rates to SMbits (Downstream) and to 256kbits (Upstream) 
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HC6094 


ADVANCE INFORMATION 

January 1997 


ADSL Analog Front End Chip 


Features 

• 14-BltDAC 

• Programmable Gain Stages 

- 48dB Programmable Gain on Receive Channel 

- 12dB Programmable Gain on Transmit Channel 

• Precision Laser Tuned Onboard Anti-Aliasing and 
Reconstruction Filters 

• High impedance MOS Inputs on Receive Channel 

• Transmit Channel Output Capable of Driving 200Q 
Load at up to 12Vp.p 

Applications 

• DMT/CAPS ADSL 

• High Resolution Communications Applications 
Requiring up to 1MHz Bandwidth 


Description 

The AFE chip performs the Analog processing for the ADSL 
chip set. The transmitter side has a 14-bit DAC as well as 
reconstruction filters and a programmable gain stage. The 
receiver side has programmable gain stages and anti-alias¬ 
ing filters for driving the off chip A/D. 

The DAC and the filters are laser trimmed to ensure 
accuracy. 

Ordering Information 

PART TEMP. 

NUMBER RANGE (^C) PACKAGE PKG. NO. 
HC6094IN -40 to 85 44 Ld MQFP 044.10x10 


Pinout 


HC6094 
(MQFP) 
TOP VIEW 


« 9 ^ I 


illH 





CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
Copyright © Harris Corporation 1997 . ^ 


File Number 4260 
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COMMUNICATIONS 




















HC6094 



Typical Setup 


VSSA_TX 

T 



RXO± Rl ■ 


SHIFT REGISTER AND LATCHES 



VDDD.TX, RX 


+5V 

VDDA..TX, RX 


+5V 

VSSA^TX, RX 

I- 

-5V 

QNDD.TX, RX 

n- 


QNDA_RX, TX 



PGA 

1 



Rl txo± 
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SEMICONDUCTOR 


HI5905 


ADVANCE INFORMATION 

January 1997 


Features 

• 5 MSPS Sampling Rate 

• Low Power 350mW at 5 MSPS 

• Internal Sample and Hold 

• Fully Differential Architecture 

• 100MHz Full Power Input Bandwidth 

• Typical SINAD>70dB at 1MHz 

• Low Latency 

• Internal Voltage Reference 

• TTL Compatible Clock Input 

• CMOS Compatible Digital Data Outputs 

Applications 

• Asymmetric Digital Subscriber Line (ADSL) 

• Digital Communication Systems 

• Undersampling Digital IF 

• Document Scanners 

• Reference Literature 

- AN9214 Using Harris High Speed A/D Converters 


14-Bit, 5 MSPS A/D Converter 


Description 

The HI5905 is a monolithic, 14-bit, Analog-to-DigItal 
Converter fabricated in Harris’ HBC10 BiCMOS process. It is 
designed for high speed, high resolution applications where 
wide bandwidth, low power consumption and excellent 
SINAD performance are essential. With a 100MHz full power 
input bandwidth the converter Is ideal for many types of com¬ 
munication systems and document scanner applications. 

The H15905 is designed In a fully differential pipelined 
architecture with a front end differential-in-differentiai-out 
sample-and-hold (S/H). The HI5905 has excellent dynamic 
performance while consuming 350mW power at 5 MSPS. 

Data output latches are provided which present valid data to 
the output bus with a latency of 4 clock cycles. The digital 
data outputs have a separate supply pin which can be pow¬ 
ered from a 5.0V supply. 

Ordering Information 

NUMBER I RATE I RANGE (°C) I PACKAGE 
HI5905BIB I 5 MSPS I -40 to 85 1 44 Ld MQFP 1 044.10x10 


Pinout 


HIS905(MQFP) 
TOP VIEW 


8 § 8 >4 


43 42 41 

40 

39 

38 37 36 35 34 

U 



33 

2 



32 

3 



31 

4 



30 

5 



29 

6 



28 

7 



27 

8 



26 

9 



25 

10 



24 

11 



23 

12 13 14 15 

16 

17 

18 19 20 21 22 


^ 559HO«2£!r2W 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1C Handling Procedures. 
Copyright © Harris Corporation 1997 ... 
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Wireless Local Loop/ISDN Modems/Cable Telephony 


ISDN MODEM/TERMINAL ADAPTER 




USA 

ROW 

SLICs 

HC5517 

HC5517 

COMBOS 

CD22354A 

CD22357A 

MOSFETs 

IRF9110 

IRF9110 

Interface 

HIN207 

HIN207 

DTMF Receiver 

CD22204 

CD22204 


ISDN 4-WIRE 

“S/T” INTERFACE (ROW) 


ISDN 2-WIRE 

“U” INTERFACE (USA) 


RS-232 INTERFACE 
(TERMINAL ADAPTERS) 
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SEMICONDUCTOR 


HC5517 


January 1997 


Ringing SLIC 
Subscriber Line Interface Circuit 


Features 

• Thru-SLIC Open Circuit Ringing Voltage up to 
77 Vpeak/54Vrms. 3 REN Capability at 44 Vrivis 

• Sinusoidal Ringing Capability 

• Di Process Provides Substrate Latch Up immunity 
when Driving inductive Ringers 

• Adjustable On-Hook Voltage for Fax and Answering 
Machine Compatibility 

• Resistive and Complex Impedance Matching 

• Programmable Loop Current Limit 

• Switch Hook and Adjustabie Ring Trip Detection 

• Pulse Metering Capability 

• Single Low Voltage Positive Supply (+5V) 

Applications 

• Solid State Line Interface Circuit for Wireless Local Loop, 
Hybrid Fiber Coax, Set Top Box, Voice/Data Modems 

• Related Literature 

- AN9606, Operation of the HC5517 Evaluation Board 

- AN9607, Impedance Matching Design Equations 

- AN9628, AC Voltage Gain 

- AN9608, Implementing Pulse Metering 

- AN9636, Implementing an Analog Port for ISDN 
Using the HC5517 

- AN549, The HC-5502S/4X Telephone Subscriber 
Line Interface Circuits (SLIC) 


Description 

The HC5517 is a ringing SLIC designed to accommodate a 
wide variety of local loop applications. The various applications 
include, basic POTS lines with answering machines and fax 
capabilities, ISDN networks, wireless local loop, and hybrid 
fiber coax (HFC) terminals. The HC5517 provides a high 
degree of flexibility with open circuit tip to ring DC voltages, user 
defined ringing waveforms (sinusoidal to square wave), ring trip 
detection thresholds and loop current limits that can be tailored 
for many applications. Additional features of the HC5517 are 
complex impedance matching, pulse metering and transhybrid 
balance. The HC5517 is designed for use in systems where a 
separate ring generator is not economically feasible. 

The device is manufactured in a high voltage Dielectric Isolation 
(DI) process with an operating voltage range from -16V, for off- 
hook operation and -80V for ring signal injection. The DI 
process provides substrate latch up immunity, resulting in a 
robust system design. Together with a secondary protection 
diode bridge and “feed” resistors, the device will withstand 
1000V lightning induced surges, in a plastic package. 

A thermal shutdown with an alarm output and line fault protec¬ 
tion are also included for operation in harsh environments. 


Ordering Information 


PART 

NUMBER 

TEMP. 
RANGE (^C) 

PACKAGE 

PKG. NO. 

HC5517IM 

-40 to 85 

28 Ld PLCC 

N28.45 

HC5517CM 

0to75 

28 Ld PLCC 

N28.45 

HC5517IB 

-40 to 85 

28 SOIC 

M28.3 

HC5517CB 

0to75 

28 SOIC 

M28.3 




CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper iC Handling Procedures. pj |0 [sjurnber 4147 
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Absolute Maximum Ratings Ta » 25°c 


Thermal Information 


Maximum Supply Voltages 


Thermal Resistance (Typical, Note 1) 

ejA(°c/w) 

(Vcc)... 

.. -0.5V to +7V 

PLCC. 

67 

(Vcc)-(VbAT). 

.90V 

SOIC. 

70 

Relay Drivers. 

. -0.5VtO+15V 

Maximum Junction Temperature Plastic. 

.150°C 



Maximum Storage Temperature Range. 

. ..-65OCto150OC 

Operating Conditions 


Maximum Lead Temperature (Soldering 10s)... 

. 300°C 

Operating Temperature Range 


(SOIC, PLCC - Lead Tips Only) 


HC5517IM, HC5517IB. 

.-40®Cto85OC 



HC5517CM, HC5517CB. 

...0°Cto75°C 

Die Characteristics 


Relay Drivers. 

.. +5Vto+12V 

Transistor Count. 

.224 

Positive Power Supply (Vcc). 

.-»-5V±5% 

Diode Count. 

.28 

Negative Power Supply (Vbat). 

.. -16V to-80V 

Die Dimensions. 

.174x120 



Substrate Potential. 

.Vbat 



Process. 

.BIpolar-DI 



ESD (Human Body Model). 

.500V 

CAUTION: Stresses above those listed /n “Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress only rating and operation 

of the device at these or any other conditions above those indicated in the operational sections of this specification Is not Implied. 


NOTES: 




1. Oja is measured with the component mounted on an evaluation PC board in free air. 


2. All grounds (AGND, BGND) must be applied before Vqc or Vbat- Failure to do so may result in premature failure of the part. If a user 

wishes to run separate grounds off a line card, the AG must be applied first. 



Electrical Specifications Unless otherwise Specified, Typical Parameters are at » 25^0, Min-Max Parameters are over 

Operating Temperature Range, Vbat = •24V, Vcc = +6V, AGND = BOND = OV. All AC Parameters are 
specified at 6000 2-Wire terminating impedance. 


PARAMETER 

TEST CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

RINGING TRANSMISSION PARAMETERS 

Vring impedance 

(Note 3) 

- 

mm 

- 

kO 

4-Wire to 2-Wire Gain 

Vring ^ vt-r (Note 3) 


40 

- 

VA/ 

AC TRANSMISSION PARAMETERS 

RX Input impedance 

300Hz to 3.4kHz (Note 3) 

- 

108 

• 

kO 

TX Output Impedance 

300Hz to 3.4kHz (Note 3) 

- 

- 

20 

0 

4-Wire Input Overload Level 

300Hz to 3.4kHz Rl = 12000,6000 Reference 
(Note 3) 

+1.0 

, - 

■ 

VpEAK 

2-Wlre Return Loss 

SRLLO 

Matched for 6000 (Note 3) 

26 

35 

■ 

dB 

ERL 


30 

40 

- 

dB 

SRLHI 


30 

40 

- 

dB 

2-Wire Longitudinal to Metallic Balance 

Off Hook 

Per ANSI/IEEE STD 455-1976 (Note 3) 

300Hz to 3400Hz 

58 

63 

■ 

dB 

4-Wire Longitudinal Balance Off Hook 

300Hz to 3400Hz (Note 3) 

50 

55 

• 

dB 

Low Frequency Longitudinal Balance 

Iline *= 40mA Ta = 25 OC (Note 3) 

- 

10 

23 

dBrnC 

Longitudinal Current Capability 

Iline = 40mA Ta = 25®C (Note 3) 

- 

- 

40 

mARMS 

Insertion Loss 

2-Wire/4-Wlre (Includes external transhybrid 
amplifier with a gain of 3) 

OdBm at 1kHz, Referenced 6000 

■ 

±0.05 

±0.2 

dB 

4-Wire/2-Wlre 



±0.05 

±0.2 

dB 


4-Wire/2-Wlre 

4-Wire/4-Wire (Includes external transhybrid 
amplifier with a gain of 3) 


±0.05 


±0.25 


dB 
































































































HCSS17 


Electrical Specifications unless otherwise specified, Typical Parameters are at Ta - 25^0, Min-Max Parameters are over 

Operating Temperature Range, Vbat = •24V, Vcc = +5V, AGND » BOND * OV. All AC Parameters are 
specified at 6000 2-Wire terminating Impedance. (Continued) 


PARAMETER 


Frequency Response 


Level Linearity 

2-Wlre to 4-Wlre and 4-Wire to 2-Wire 


Absolute Delay 
2-Wlre/4-Wlre 


4-Wlre/2-Wlre 


4-Wire/4-Wlre 


Transhybrid Loss 


Total Harmonic Distortion 
2-Wlre/4-Wire, 4-Wlre/2-Wire, 4-Wlre/4-Wlre 


idle Channel Noise 
2-Wlre and 4-Wire 


Power Supply Rejection Ratio 
Vcc to 2-Wire 


Vcc to 4-Wire 


Vbat to 2-Wire 


Vbat to 4-Wire 


Vcc to 2-Wire 


Vcc to 4-Wire 


Vbat to 2-Wire 


Vbat to 4-Wlre 


DC PARAMETERS 


Loop Current Programming 
Limit Range 


Accuracy 


Loop Current During Power Denial 


Fault Currents 

TIP to Ground (Note 3) 


RING to Ground 


TIP and RING to Ground (Note 3) 


Switch Hook Detection Threshold 


Ring Trip Comparator Threshold 


Thermal ALARM Output (Note 3) 


TEST CONDITIONS 


300Hz to 3400Hz (Note 3) Referenced to 
Absolute Level at 1kHz, OdBm Referenced 600Q 


Referenced to -lOdBm (Note 3) 
+3 to -40dBm 


-40to-50dBm 


-50to-55dBm 


300Hz to 3400Hz 


300Hz to 3400Hz 


300Hz to 3400Hz 


V|N =1Vp.p at IkH (Notes 3,4) 


Reference Level OdBm at 600(2 
300Hz to 3400Hz (Note 3) 


(Note 3) 
C-Message 


Psophometric (Note 3) 


(Note 3) 

30Hz to 200Hz, Rl = 600(2 


MAX UNITS 


(Note 3) 

200Hz to 16kHz, Rl = 600Q 




Safe Operating Die Temperature Exceeded 
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Electrical Specifications unless otherwise Specified, Typical Parameters are at = 25°C, Min-Max Parameters are over 

Operating Temperature Range, Vbat “ ‘24V, Vcc = +5V, AGND = BOND a OV. All AC Parameters are 
specified at 6000 2-Wire terminating impedance. (Continued) 


PARAMETER 


Dial Pulse Distortion (Note 3) 


Uncommitted Relay Driver 
On Voltage Vql 


Off Leakage Current 


TTL/CMOS Logic Inputs (FO, F1, RS, TsT, RDI) 
Logic ‘0’ V|L 


Logic‘1’V(H 


TEST CONDITIONS 



lOL (^D5) = 30mA 



0.1 

0.5 

0.2 

0.5 

±10 

±100 


Input Current (FO, F1, RS, T§T, RDI) 

IIH, 0V<V|n^5V 

Input Current (FO, F1, RS, TsT, RDI) 

IIL, OV^ViN^SV 

Logic Outputs 

Logic ‘0 ’ Vql 

•load = SOOpA 

Logic'1’VoH 

•load = 40pA 

Power Dissipation On Hook 

Vcc * +5V, Vbat * Rloop * 


Vcc = +5V, Vbat = *48V, Rloop = 

Power Dissipation Off Hook 

Vcc * +5V, Vbat = -24V, Rloop == eooo, 
lL = 25mA 

Icc 

Vcc = +5V, Vbat = ’80V, Rloop = 


Vcc * +5V, Vbat = ”48V, Rloop = 


Vcc = +5V, Vbat = ‘24V, Rloop = 

•bat 

Vcc ~ +5V, Vb* = -80V, Rloop = 


Vcc “ +5V, Vb” = -48V, Rloop = °° 


Vcc = +5V, Vb- = -24V, Rloop “ 



MAX UNITS 


ms 



UNCOMMITTED OP AMP PARAMETERS 


Input Offset Voltage 


Input Offset Current 


Differential Input Resistance (Note 3) 


Output Voltage Swing (Note 3) 


Small Signal QBW (Note 3) 


NOTES: 

3. These parameters are controlled by design or process parameters and are not directly tested. These parameters are characterized upon 
initial design release, upon design changes which would affect these characteristics, and at intervals to assure product quality and spec¬ 
ification compliance. 

4. For transhybrid circuit as shown in Figure 10. 

5. Application limitation based on maximum switch hook detect limit and metallic currents. Not a part limitation. 
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Functional Diagram 


PLCC/SOIC 



^ ^bgnd| 

77777 


HC5517 TRUTH TABLE 
FO I ACTION 

0 Loop power Denial Active 

1 Power Down Latch RESET 

1 Power on RESET 

0 RO Active 

1 Normal Loop feed 


Over Voltage Protection and Longitudinal Current 
Protection 

The SLIC device, in conjunction with an external protection 
bridge, will withstand high voltage lightning surges and 
power line crosses. 

High voltage surge conditions are as specified in Table 1. 

The SLIC will withstand longitudinal currents up to a 
maximum or 30mARMS» ISmARMS per Isg. without any 
performance degradation 


PERFORMANCE 


PARAMETER 

CONDITION 

(MAX) 

UNITS 

Longitudinal 

Surge 

lOps Rise/ 
lOOOps Fall 

±1000 (Plastic) 

VpEAK 

Metallic Surge 

11 

±1000 (Plastic) 

VpEAK 

T/GND 

R/GND 

lOps Rise/ 
lOOOps Fall 

±1000 (Plastic) 

PEAK 

50/60HZ Current 




T/GND 

11 Cycles 

700 (Plastic) 

Vrms 

R/GND 

Limited to 
IOArms 
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Circuit Operation and Design information 


The HC5517 is a voltage feed current sense Subscriber Line 
Interface Circuit (SLIC). This means that for long loop appli¬ 
cations the SLIC provides a constant voltage to the tip and 
ring terminals while sensing the tip to ring current. For short 
loops, where the loop current limit is exceeded, the tip to ring 
voltage decreases as a function of loop resistance. 

The following discussion separates the SLIC’s operation Into 
its DC and AC path, then follows up with additional circuit 
design and application information. 

DC Operation of Tip and Ring Ampiifiers 
sue in the Active Mode 

The tip and ring amplifiers are voltage feedback op amps 
that are connected to generate a differential output (e.g. if tip 
sources 20mA then ring sinks 20mA). Figure 1 shows the 
connection of the tip and ring amplifiers. The tip DC voltage 
Is set by an Internal +2V reference, resulting In -4V at the 
output. The ring DC voltage is set by the tip DC output volt¬ 
age and an Internal Vbat/ 2 reference, resulting In Vbat +4V 
at the output. (See Equation 1, Equation 2 and Equation 3.) 


^TIPFEED - 


''RINGFEED 






(EQ. 1) 


(EQ. 2) 


Current Limit 

The tip feed to ring feed voltage (Equation 1 minus 
Equation 3) is equal to the battery voltage minus 8V. Thus, 
with a 48 (24) volt battery and a 600Q loop resistance, 
including the feed resistors, the loop current is 66.6mA 
(26.6mA). On short loops the line resistance often 
approaches zero and the need exists to control the maxi¬ 
mum DC loop current. 

Current limiting is achieved by a feedback network (Figure 1) 
that modifies the ring feed voltage (Vq) as a function of the 
loop current. The output of the Transversal Amplifier (TA) has 
a DC voltage that Is directly proportional to the loop current. 
This voltage is scaled by Rio and R 28 - The scaled voltage Is 
the Input to a transconductance amplifier (GM) that 
compares it to an internal reference level. When the scaled 
voltage exceeds the internal reference level, the 
transconductance amplifier sources current. This current 
charges Ci6 in the positive direction causing the ring feed 
voltage (Vq) to approach the tip feed voltage (Vc). This 
effectively reduces the tip feed to ring feed voltage (Vj.p), 
and holds the maximum loop current constant. 

The maximum loop current is programed by resistors Rio 
and R 28 as shown In Equation 4 (Note: Rio is typically 
lOOkG). 


(O.eKR^O + Rgg) 
(aooxRgg) 


(EQ. 4) 


^RINQFEED “ ” ^BAT (EQ- 3) 



FIGURE 1. OPERATION OF THE TIP AND RING AMPLIFIERS 



FIGURE 2. Vt.r vs Rl (Vbat = -24V, Iumit = 25mA) 

Figure 2 illustrates the relationship between Vy.p and the 
loop resistance. The conditions are shown for a battery volt¬ 
age of -24V and the loop current limit set to 25mA. For a infi¬ 
nite loop resistance both tip feed and ring feed are at -4V 
and -20V respectively. When the loop resistance decreases 
from infinity to about 640Q the loop current (obeying Ohm’s 
Law) increases from 0mA to the set loop current limit. As the 
loop resistance continues to decrease, the ring feed voltage 
approaches the tip feed voltage as a function of the pro¬ 
gramed loop current limit (Equation 4). 






HCS517 


AC Voltage Gain Design Equations 

The HC5517 uses feedback to synthesize the impedance at 
the 2-wire tip and ring terminals. This feedback network 
defines the AC voltage gains for the SLIC. 

The 4-wire to 2-wire voltage gain (Vrx to Vjr) is set by the 
feedback loop shown in Figure 3. The feedback loop senses 
the loop current through resistors R 13 and R 14 , sums their 
voltage drop and multiplies it by 2 to produce an output volt¬ 
age at the Vjx pin equal to +4 RsAIl. The Vjx voltage Is 
then fed into the -IN1 input of the SLIC’s internal op amp. 
This signal is multiplied by the ratio Re/Rg and fed into the tip 
current summing node via the OUT1 pin. (Note; the internal 
Vbat/ 2 reference (ring feed amplifier) and the internal +2V 
reference (tip feed amplifier) are grounded for the AC analy¬ 
sis.) 

The current into the OUT1 pin is equal to: 


The AC voltage at Vc is then equal to: 


Vc = (Ir)(R) 


Vn = -4ReAI 


2x -4R«AI, =2 +V 


*" Rl'^Rh ■^Ri2''‘Ri3'*’Ri4 
Equation 12 simplifies to 
2Vrx-400AIl 


Solving for Ai|_ results in 


Al - ^ 

^ L ■ 600 


(EQ. 12) 


(EQ. 14) 


Equation 14 is the loop current with respect to the feedback 
network. From this, the 4-wire to 2-wire and the 2-wire to 
4-wire AC voltage gains are calculated. Equation 15 shows 
the 4-wire to 2-wire AC voltage gain is equal to one. 


Equation 6 is the node equation for the tip amplifier summing 
node. The current in the tip feedback resistor (Ir) is given in 
Equation 7. 


VtR 600<^°°> ^ 


^4W-2W - v" 


Equation 16 shows the 2-wire to 4-wlre AC voltage gain is 
equal to negative one-third. 




^2W-4W ” “vI 


Vrx 




and the AC voltage at Vq is: 


Vq - 


The values for Rs and Rg are selected to match the imped¬ 
ance requirements on tip and ring, for more information ref¬ 
erence AN9607 “Impedance Matching Design Equations for 
the HC5509 Series of SLICs”. The following loop current cal¬ 
culations will assume the proper R3 and Rg values for 
matching a 600Q load. 

The loop current (AlJ with respect to the feedback network, 
is calculated in Equations 11 through 14. Where Rg = 40kQ, 
Rg = 40k^, R|_ = 6 OOD 1 , R-|1 = Ri 2 ~ Ri 3 ” Ri 4 “ 50i2. 


Substituting the expressions for Vq and Vq 


Impedance Matching 

The feedback network, described above, is capable of syn¬ 
thesizing both resistive and complex loads. Matching the 
SLIC’s 2-wire impedance to the load is Important to maxi¬ 
mize power transfer and minimize the 2-wire return loss. The 
2 -wire return loss is a measure of the similarity of the imped¬ 
ance of a transmission line (tip and ring) and the impedance 
at it’s termination, it is a ratio, expressed in decibels, of the 
power of the outgoing signal to the power of the signal 
reflected back from an impedance discontinuity. 

Requirements for Impedance Matching 

impedance matching of the HC5517 application circuit to the 
transmission line requires that the impedance be matched to 
points “A” and “B” in Figure 3. To do this, the sense resistors 
Rill Ri 2 . Ri 3 3 *^cI Ri 4 must be accounted for by the feed¬ 
back network to make it appear as if the output of the tip and 
ring amplifiers are at points “A” and “B”. The feedback network 
takes a voltage that is equal to the voltage drop across the 
sense resistors and feeds it into the summing node of the tip 
amplifier. The effect of this is to cause the tip feed voltage to 
become more negative by a value that Is proportional to the 
voltage drop across the sense resistors R 11 and R 13 . At the 
same time the ring amplifier becomes more positive by the 
same amount to account for resistors R 12 and R 14 . 
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FIGURE 3. AC VOLTAGE GAIN AND IMPEDANCE MATCHING 


The net effect cancels out the voltage drop across the feed 
resistors. By nullifying the effects of the feed resistors the 
feedback circuitry becomes relatively easy to match the 
impedance at points “A” and “B”. 

IMPEDANCE MATCHING DESIGN EQUATIONS 

Matching the impedance of the SLIC to the load is accom¬ 
plished by writing a loop equation starting at Vq and going 
around the loop to Vq. The loop equation to match the 
impedance of any load is as follows (note: Vpx = 0 for this 
analysis): 

rRfl 


-4RcAI| 




+ 2 R 5 AIL-AV 


'IN 


R, Al, + 2RQAi, -4RcAI, 1 ^ | = 0 
^9 






AV.k, = Al, 


"sr; 


-8R«5 +4Rc: + R, 


All 


= - 8 R«; =2 +4R +R 


"s a 


(EQ. 20) 


The result is shown in Equation 20. Figure 4 is a schematic 
representation of Equation 15. 

Rl 

AAA 



(EQ. 17) 

(EQ. 18) 

(EQ. 19) 


FIGURE 4. SCHEMATIC REPRESENTATION OF EQUATION 20 

To match the impedance of the SLIC to the impedance of the 
load, set 


(EQ. 21) 


'’L = 8Rslp-;k4Rs 


If Rg is made to equal 8 Rs then: 

Ri = Rq + 4Rq 


(EQ. 22) 


Equation 19 can be separated into two terms, the feedback 
(- 8 Rs(R 8 /R 9 )) and the loop Impedance (+4 Rs+Rl). 









HC5S17 


Therefore to match the HC5517, with Rs equal to 500, to a 
6000 load: 

Rg = 8Rg = 8(500) = 4000 (EQ. 23) 


R24> >Ri9 


Rg = Rl-4Rs = 6000-2000 = 4000 (tiU. 

To prevent loading of the Vjx output, the value of Re and Rg 
are typically scaled by a factor of 100: 

KRq = 40kO KRg = 40kO 25) 

Since the impedance matching is a function of the voltage 
gain, scaling of the resistors to achieve a standard value is 


*T2 

I TO ZENER 
^ DIODE Dii 


For complex impedances the above analysis is the same. 

1 

1 

90kQ 

1 — WN - 1 

90kO 1 ' 

KRg = 40kQ KRg = 100(Resistive 200) + ^®®®*'''® 

eef- 



(EQ. 26) 

1 

RING FEED 

^ 1 


Reference application note AN9607 (“Impedance Matching 
Design Equations for the HC5509 Series of SLICs”) for the 
values of KRg and KRg for several worldwide Typical line 
impedances. 

Tip-to-Ring Open-Circuit Voitage 

The tip-to-ring open-circuit voltage, Vqc. of the HC5517 is 
programmable to meet a variety of applications. The design 
of the HC5517 defaults the value of Vqc to 


The HC5517 application circuit overrides the default Vqc 
operation when operating from a -80V battery. While operat¬ 
ing from a -80V battery, the SLID will be In either the ringing 
mode or on-hook standby mode. In the ringing mode, Vqc is 
designed to switch from OV (centering voltage) to -47V 
(Maintenance Termination Unit voltage). The centering volt¬ 
age is active during the ringing portion of the ringing wave¬ 
form and the Maintenance Termination Unit (MTU) voltage is 
active during the silent portion of the ringing signal. In the 
on-hook standby mode, the application circuit is designed to 
maintain Vqc at the MTU voltage. 

Centering Voltage Application Circuit Overview 

The centering voltage is used during ringing to center the 
DC outputs of the tip feed and ring feed amplifiers. Centering 
the amplifier outputs allows for the maximum undistorted 
voltage swing of the ringing signal. Without centering, the 
output of each amplifier would saturate at ground or Vbat» 
minimizing the ringing capability of the HC5517. The 
required centering voltage, Vq, is +1.8Vdc when operating 
from a -80V battery. 

Centering Voltage Application Circuit Operation 

The circuit used to generate the centering voltage is shown 
in Figure 5. 


TIP FEED 
AMPLIFIER 


FIGURE 5. CENTERING VOLTAGE APPLICATION CIRCUIT 

The circuitry within the dotted lines is internal to the 
HC5517. The value of the resistor designated as R Is 108kQ 
and the resistor R/20 is 5.4kQ. The tip amplifier gain of 
20VA/ amplifies the +1 .8 Vdc at Vq to +36 Vdc and adds it to 
the internal 4 Vdq offset, generating -4 OVd 0 at the tip ampli¬ 
fier output. The -40 Vqq offset also sums into the ring ampli¬ 
fier, adding to the battery voltage, achieving -40V at the ring 
amplifier output. 

Centering Voltage Design Equations 

The centering voltage (Vq) is dependent on the battery 
voltage. A battery voltage of -80V requires a +1.8 Vdq 
centering voitage. The equation used to calculate the 
centering voltage is shown below. 


Vc = ^^|-4>2 


The DC voltage at the outputs of the centered tip and ring 
amplifiers can be calculated from Equation 28 and Equa¬ 
tion 29. 

Vyc = -(20Vc + 4) (EQ.28) 


^RC " '^BAT (20Vq + 4) 


(EQ. 29) 


The shunt resistor of the divider network, Ri8, is not deter¬ 
mined from a design equation. It is selected based on the 
trade-off of power dissipation in the voltage divider (low 
value of R-is) and loading affects of the internal R/20 resistor 
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(high value of Ris)- The suggested range of Ri 8 is between 
I.OkQ and 2.0kQ. The application circuit design equation 
used to calculate the value of R 19 of the divider network is 
as follows: 


(Vq + ^C^18 


(EQ. 30) 


where: Vdi 3 forward drop of D 13 , 0.63V. 

Vd 0 forward drop of Dg, 0.54V. 

Ri 8 is the shunt resistor of the divider, 1 . 1 ki 2 . 

R|N is the input impedance of Vrinq, 5AkQ. 

Vq is the required centering voltage, 1 . 8 V, Vrat = "QOV. 
Vqc is the +5V supply. 

Centering Voltage Logic Control 

The pnp transistor T 2 is used to defeat the voltage divider 
formed by R-jg, R 18 . D 13 and Dg. When Tg Is off (RC is logic 
high), +5 Vdc is divided to produce +1.8 Vdq at the Vrimq 
input. When T 2 is on (RC is logic low), its emitter base volt¬ 
age of +0.9 Vdc is divided resulting in +0.2V at the anode of 
Dq, hence reverse biasing the diode (Dg) and floating the 
Vring pin. 

MTU Voltage Application Circuit Overview 

According to Bellcore specification TR-NWT-000057, an 
MTU voltage may be required by some operating compa¬ 
nies. The minimum allowable voltage to meet MTU require¬ 
ments Is -42.75V, which Is used by measurement equipment 
to verify an active line. Also, some facsimile and answering 
machines use the MTU voltage as an indication that the tele¬ 
phone is on-hook or not answered. In addition to the Bellcore 
specification, FCC Part 68.306 requires that the maximum 
tip to ground or ring to ground voltage not exceed -56.5V for 
hazardous voltage limitations. These two requirements have 
been combined and the resulting range is defined as the 
MTU voltage. The HC5517 application circuit can be pro¬ 
grammed to any voltage within this range using the zener 
clamping circuit. 

MTU Voltage Application Circuit Operation 

The circuit used to generate the MTU voltage Is shown in 
Figure 6 . 

"" "" "sOK"” "" 90K 

I- TIP FEED OUTPUT I 


iTjn 


90K 1 1 


— 

-f— 


1 RING FEED^ 

1 2 1 


1 AMPLIFIER 



Ri9 < <^24 




zener voltage, the zener is off and the input to the ring feed 
amplifier is Vraj/^. When the magnitude of Vrat^^ is 
greater than the zener voltage, the zener conducts and 
clamps the noninverting terminal of the ring amplifier to the 
zener voltage. 

Internal to the HC5517 are connections to the tip feed ampli¬ 
fier output and Vrat^^ reference. The DC voltage at the tip 
feed output, Vxdc* 's a constant -4V during on-hook standby. 

MTU Voltage Design Equations 

The following equations are used to predict the DC output of 
the ring feed amplifier, Vrpc- 


(EQ. 31) 


2 ^ 


= 2(-Vz + (Vce-Vb 


Where Vz is the zener diode voltage of D^ 1 and Vqr and 
Vre are the saturation voltages of T 2 . Using Equations 31 
and 32, the tip-to-ring open-circuit voltage can be calculated 
for any value of zener diode and battery voltage. 

IVr.« /VqaT'N /r-r\ rtn\ 


> V^ Vqq - Vypc - 2(-V2 + (Vqb - Vg^)) - 4 


Figure 7 plots Vqc as a function of battery voltage. The 
graph illustrates the clamping function of the zener circuitry. 
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FIGURE 6. RING FEED AMPLIFIER CIRCUIT CONNECTIONS 

The ring feed amplifier DC output voltage, Vrdc. is a func¬ 
tion of the internal Vrat /2 reference and external zener 
diode D 11 . When the magnitude of Vrat/ 2 is less then the 


FIGURE 7. Vqc AS A FUNCTION OF BATTERY VOLTAGE 
MTU Voltage Logic Control 

The same pnp transistor, T 2 , that is used to control the cen¬ 
tering voltage is also used to control the MTU voltage. The 
application circuit uses T 2 to ground or float the anode of the 
zener diode D^i. When RC is a logic low (T 2 on) the anode 
of D 11 Is referenced to ground through the collector base 
junction of the transistor. Current then flows through the 
zener, allowing the ring amplifier Input to be clamped. When 
RC is a logic high (T 2 off) the anode of Di.| floats, inhibiting 
the clamping action of the zener. 
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HC5517 Modes of Operation 

The four modes of operation of the HC5517 Ringing SLIC 
are ringing, on-hook standby, off-hook active and power 
deniai. Three control signals select the operating mode of 
the SLIC. The signals are Battery Switch, F1 and Ring 
Cadence (RC). The active application circuit and active 
supervisory function are different for each mode, as shown 
in the Table 2. 

Mode Control Signals 

The Battery Switch selects between the -80V and -24V sup¬ 
plies. The Battery Switch circuitry is described in the “Opera¬ 
tion of the Battery Switch” section. A system alternative to 
the b attery switch signal is to use a buffered version of the 
SHD output to seiect the battery voltage. Another alternative 
is to control the output of a programmable battery supply, 
removing the battery switch entirely from the application cir¬ 
cuit. F1 is used to put the SLIC in the power deniai mode. 
RC drives the base of T 2 , which is the transistor used to con- 
troi the centering voltage and MTU voltage. The three control 
signals can be driven from a TTL logic source or an open 
collector output 

RINGING MODE 

The ringing state, as the name Indicates, is used to ring the 
telephone with a -80V battery supply. The SLIC is designed 
for balanced ringing with a differential gain of 40VA/ across tip 
and ring. Voltage feed amplifiers operating in the linear mode 
are used to amplify the ringing signal. The linear amplifier 
approach allows the system designer to define the shape and 
amplitud e of t he ri nging waveform. Both supervisory function 
outputs, SHD and RTD, are active during ringing. 

Spectral Content of the Ringing Signal 

The shape of the waveform can range from sinusoidal to 
trapezoidal. Sinusoidal waveforms are spectrally cleaner 
than trapezoidal waveforms, although the latter does result 
in lower power dissipation across the SLIC for a given rms 
amplitude. Systems where the ringing signal will be in prox¬ 
imity to digital data lines will benefit from the sinusoidal ring¬ 
ing capability of the HC5517. The slow edge rates of a 
sinusoid will minimize coupling of the large amplitude ringing 
signal. The linear amplifier architecture of the HC5517 
allows the system designer to optimize the design for power 
dissipation and spectral purity. 

Amplitude of the Ringing Signal 

Amplitude control is another benefit of the linear amplifier 
architecture. Systems that require less ringing amplitude are 
able to do so by driving the HC5517 with a lower level ringing 
waveform. Solutions that use saturated amplifiers can only 
vary the amplitude of the ringing signal by changing the neg¬ 
ative battery voltage to the SLIC. 

HC5517 Through SLIC Ringing 

The HC5517 Is designed with a high gain input, Vrinq, that 
the system drives while ringing the phone. Vrusjq is one of 
many signals summed at the inverting input to the tip feed 


amplifier. The gain of the Vrinq signal through the tip feed 
amplifier is set to 20VA/. The output of the tip feed amplifier 
is summed at the inverting input of the ring feed amplifier, 
configured for unity gain. The result is a differential gain of 
40VA/ across tip and ring of the ringing signal. 

The ringing function requires an input ringing waveform and 
a centering voltage. The ringing waveform is the signal from 
the 4-wlre side that Is amplified by the SLIC to ring the tele¬ 
phone. The centering voltage, as previously discussed, is a 
positive DC offset that is applied to the Vrinq input along 
with the ringing waveform. The HC5517 application circuit 
provides the centering voltage, simplifying the system inter¬ 
face to an AC coupled ringing waveform. 

Ringer Equivalence Number 

Before any further discussion, the Ringer Equivalence Num¬ 
ber or REN must be discussed. Based on FCC Part 68.313 a 
single REN can be defined as 5k£2, 7k£2 or 8kQ of AC imped¬ 
ance at the ringing frequency. The ringing frequency is 
based on the ringing types listed In Table 1 of the FCC spec¬ 
ification. The impedance of multiple REN is the paralleling of 
a single REN. Therefore 5 REN can either be Ikil, 1.4ki:2 or 
1.6ki2. The 7kti model of a single REN will be used through¬ 
out the remainder of the data sheet. 

Ringing Waveform 

An amplitude of 1 .2 Vrms ^'11 deliver approximately 46 Vrms 
to a 1 REN load, and 42 Vrms to a 3 REN load. The ampli¬ 
tude is REN dependent and is slightly attenuated by the 
feedback scheme used for impedance matching. The ringing 
waveform is cadenced, alternating between a 20Hz burst 
and a silent portion between bursts. Bellcore specification 
TR-NWT-000057 defines seven distinct ringing waveforms or 
alerting (ringing) patterns. The following table lists each type. 

TABLE 1. DISTINCTIVE ALERTING PATTERNS 
I I INTERVAL DURATION IN SECONDS I 


RINGING 

SILENT 

RINGING SILENT 

RINGING SILENT 

0.4 

0.2 

0.4 0.2 

0.8 4.0 

0.2 

0.1 

0.2 0.1 

0.6 4.0 

0.8 

0.4 

0.8 0.4 


0.4 

0.2 

0.6 4.0 


1.2 

4.0 



1 ±0.2 

3 ±0.3 



0.3 

0.2 

1.0 0.2 

0.3 4.0 


Figure 8 shows the relationship of the cadenced ringing 
waveform and the Battery Switch and RC control signals. 
Also shown are the states of the MTU voltage and the cen¬ 
tering voltage. 

The state of Battery Switch is indicated by the desired bat¬ 
tery voltage to the SLIC. The RC signal is used to enable 
and disable the centering voltage and MTU voltage. RC fol¬ 
lows the ring signal in that it is high during the 20Hz burst 
and iow during the static part of the waveform. 
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WAVB^M 


BATTERY “^OV- 
SWITCH 24V 


CENTERING 

VOLTAGE OFF ON OFF ON OFF ON OFF 

MTU ON OFF ON OFF ON OFF ON 

FIGURES. RINGING WAVEFORM AND CONTROL SIGNALS 

Open Circuit Voltage During the Ringing Mode 

The mutually exclusive relationship of the centering voltage 
and MTU implies that both functions will not exist at the 
same time. During the silent portion of the ringing waveform 
the HC5517 application circuit meets the hazardous voltage 
requirements of FCC Part 68.306 by forcing the MTU volt¬ 
age. Without the zener clamping solution, a programmable 
power supply would have to be designed. The intervals listed 
in Table 1 would require the power supply to switch voltages 
and settle to stable operation well within 100ms. The design 
of such a power supply may prove quite a challenge. The 
zener solution provides a cost effective, low impact to meet¬ 
ing a wide variety of tip to ring open circuit voltages. 

Ringing Design Equations 

The differential tip to ring voltage during ringing, as a func¬ 
tion of REN, can be approximated from Equation 35. 

10893 (EQ.35) 

TR' I 5.4e3 (108e3)RL 





The voltage VpifsiQ is defined as the rms amplitude of the 
input ringing signal. Vjpo open circuit tip to ring differ¬ 
ential output voltage, calculated as multiplied by the 
differential gain of 40V/V. The REN impedance is shown as 
R|_. Figure 9 shows the relationship of REN load to maxi¬ 
mum differential tip to ring rms voltage during ringing. The 
maximum ringing signal amplitude herein assumes an infi¬ 
nite source and sink capability of the tip feed and ring feed 
amplifiers. Due to the amplifier output design, the HC5517 is 
limited to 3 REN ringing capability for this reason. 


1 REN 2 REN 3 REN 4 REN 5 REN 

FIGURE 9. MAXIMUM RINGING OUTPUT VOLTAGE 
(VrinG = 1-2Vrms) 

ON-HOOK STANDBY MODE 

On-hook standby mode is with the phone on-hook (i.e., not 
answered) and ready to accept an incoming voice signal or elec¬ 
tronic data. The HC5517 application circuit is designed to main¬ 
tain the M TU vo ltage during this mod e of o peration. During this 
mode, the SHD output is valid and the RTD output Is invalid. 

OFF-HOOK ACTIVE MODE 

Off-hook active accommodates voice and data communica¬ 
tions, including pulse metering, with a battery voltage of 
-24V. The MTU voltage during this mode is defeated by the 
zener clamp design regardless of the state of RC. It is impor- 
tant t o have RC low to disable the ringing voltage. Only the 
SHD output is valid during this mode. 

POWER DENIAL MODE 

The HC5517 will enter the power denial mode whenever FI 
is a logic low. During power denial, the tip and ring amplifiers 
are active. The DC voltages of both amplifiers are near 
gro und, resulting in a maximum loop current of 7mA. Both 
the SHD and the RTD detector output are Invalid. 

Table 2 summarizes the operating modes of the HC5517 
application circuit. The table indicates the valid detectors in 
each mode as well as valid application circuit operation. 



1 DETECTORS VALID 

APPLICATION CIRCUIT VALID 

1 SFHD 

RTD 

MTU 

CENTERING 


TABLE 2. HC5517 APPLICATION CIRCUIT OPERATING MODES SUMMARY 


MODE 


Power Denial 


Invalid 


Off-Hook Active 


Invalid 


Power Denial 


On-Hook Standby 


Ringing 


NOTE: Duri ng Rin ging, the SHD output will be active for both on-hook and off-hook conditions . The AC current, for the on-hook condition, 
exceeds the SHD threshold of 12mA. Valid off-hook detection during ringing is provided by the RTD output oniy. 
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Operation of the Battery Switch 

The battery switch is used to select between the off-hook 
battery of -24V and the ringing/standby battery of -80V. 
When Ti Is off (battery switch Is logic low) the MOSFET T 3 
is off and the -24V battery is supplied to the SLIC through 
Dio- When Ti Is on (battery switch is logic high) current 
flows through the collector of turning on the zener Dg. 
When Dg turns on, the gate of the MOSFET is positive with 
respect to the drain (-80V) and T 3 turns on. Turning T 3 on 
connects the -80V battery to the SLIC through Dy. This In 
turn reverse biases D-jo, isolating the two supplies. 

Transhybrid Baiance (Votce signal) 

The purpose of the transhybrid circuit Is to remove the 
receive signal (V-REC) from the transmit signal (V-XMIT), 
thereby preventing an echo on the transmit side. This is 
accomplished by using an external op amp (usually part of 
the CODEC) and by the inversion of the signal from the 
SLIC’s 4-wlre receive port (Vrx) fo the SLIC’s 4-wire trans¬ 
mit port (OUT1). 

The external transhybrid circuit is shown in Figure 10. The 
effects of capacitors C 5 , C 7 and Cg are negligible and there¬ 
fore omitted from the analysis. The input signal (V-REC) will 
be subtracted from the output signal (V-XMIT) if i-| equals I 2 
are equal and opposite in phase. A node analysis yields the 
following equation; 

V-REC . OUT1 _ , (EQ.36) 


The value of R 2 is then 

R - R .Y-REC 
^2 --^^3* OUTI 


Given that OUTI is equal to -1/3 of V-REC (Equation 16) and 
V-REC is equal to VTR (A 4 .wire- 2 -Wire = '•» Equation 15), 
then R 2 = 3 R 3 A transhybrid balance greater than 30dB can 
be achieved by using 1 % resistors values. 


EXTERNAL 

TRANSHYBRID CIRCUIT 


Transhybrid Baiance (Pulse Metering) 

Transhybrid balance of the pulse metering signal is accom¬ 
plished in 2 stages. The first stage uses the SLIC’s internal 
op amp to invert the phase of the pulse metering signal. The 
second stage sums the inverted pulse metering signal with 
the incoming signal for cancellation in the transhybrid ampli¬ 
fier. A third network can be added to offset both tip and ring 
by the peak amplitude of the pulse metering signal. This will 
allow both the maximum voice and pulse metering signals to 
occur at the same time with no distortion. 

Puise Metering 

Pulse metering or Teletax is used outside the United States 
for billing purposes at pay phones. A 12kHz or 16kHz burst 
is injected into the 4-wire side of the SLIC and transmitted 
across the tip and ring lines from the central office to the pay 
phone. For more information about pulse metering than cov¬ 
ered here reference application note AN9608 “Implementing 
Pulse Metering for the HC5509 Series of SLICs”. 

Inverting Amplifier (A1) 

The pulse metering signal is injected in the -INI pin of the 
SLIC. This pin is the inverting input of the internal amplifier 
(Ai) that is used to invert the pulse metering signal for later 
cancellation. The components required for pulse metering 
are C 5 and R 5 , are shown in Figure 11. The pulse metering 
signal is AC coupled to prevent a DC offset on the input of 
the internal amplifier. The value of Ce should be lOpF. The 
expression for the voltage at OUTI is given in Equation 38. 


TO EXTERNAL 
TRANSHYBRID AMP 


V# 

rviTi —I 



FIGURE 11. PULSE METERING PHASE SHIFT AMPLIFIER 
DESIGN 


180 .|NiT 

PHASE . ^ - 4 

SHIFT > 

OF AC 

SIGNAL ^ 1 
M ■■■■■■ I OUTI 


R9I Ra^l'i 


INCOMING 
AC TRANSMISSION 


OUTGOING 
AC TRANSMISSION 


SUMMING NODE CANCELS OUT 
INCOMING AC TRANSMISSION FROM 
OUT GOING TRANSMISSION 

FIGURE 10. TRANSHYBRID CIRCUIT (VOICE SIGNAL) 


Vquti =-Vtx*r:-Vpm*r: 


(EQ. 38) 


The first term is the gain of the feedback voltage from the 
2-wlre side and the second term is the gain of the Injected 
pulse metering signal. The effects of Ce and Ce are negligi¬ 
ble and therefore omitted from the analysis. 

The injected pulse metering output term of Equation 38 is 
shown below in Equation 39 and rearranged to solve for R 5 
in Equation 40. 


.(injected) = Vp».=- = 1 


(EQ. 39) 
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The ratio of Rg to Rg is set equal to one and results in unity 
gain of the pulse metering signal from 4-wire side to 2 -wire 
side. The value of Rg is considered to be a constant since It 
is selected based on impedance matching requirements. 

Cancellation of the Pulse Metering Signal 

The transhybrld cancellation technique that is used for the 
voice signal is also implemented for pulse metering. The 
technique is to drive the transhybrid amplifier with the signal 
that is injected on the 4-wire side, then adjust its level to 
match the amplitude of the feedback signal, and cancel the 
signals at the summing node of an amplifier. 

NOTE: The CA741C operational amplifier Is used In the application 
as a "stand in” for the operational amplifier that is traditionally located 
In the CODEC, where transhybrld cancellation is performed. 

Referring to Figure 3, V*rx is the 2 -wire feedback used to 
drive the internal amplifier (A1) which in turn drives the 
OUT1 pin of the SLIC. The voltage measured at Vfx is 
related to the loop impedance as follows: 

VTX = ^*VpM*GpM {EQ.41) 

For a 600^2 termination and a pulse metering gain (Gp|\/|) of 
1 , the feedback voltage (V-rx) is equal to one third the 
injected pulse metering signal of the 4-wire side. Note, 
depending upon the line impedance characteristics and the 
degree of impedance matching, the pulse metering gain may 
differ from the voice gain. The pulse metering gain (Grm) 
must be accounted for In the transhybrld balance circuit. 

The polarity of the signal at OUT 1 (Equation 38) is opposite 
of VpM allowing the circuit of Figure 12 to perform the final 
stage of transhybrld cancellation. 



FIGURE 12. CANCELLATION OF THE PULSE METERING SIGNAL 


The following equations do not require much discussion. 
They are based on inverting amplifier design theory. The 
voice path Vpx signal has been omitted for clarity. All refer¬ 
ence designators refer to components of Figures 11 and 12. 



Rearranging terms of Equation 43 and solving for R 4 results 
in Equation 44. This is the only value to be calculated for the 
transhybrid cancellation. Ail other values either exist in the 
application circuit or have been calculated in previous sec¬ 
tions of this data sheet. 

The value of R 4 (Figure 12) is 12.37kQ given the following 
set of values: 

Rg = 40kn 
Rg = 40kt2 
Rl = 600Q 
R3 = 8.25kC2 
Rg = 40kf2 
GPM = 

Substituting the same values into Equation 41 and 
Equation 42, it can be shown that the signal at OUT 1 is 
equal to -2/3VpM. This result, along with Equation 44 where 
Rg equals to 2/3R4, indicates the signal levels into the 
transhybrid amplifier are equalized by the amplifier gains 
and opposite in polarity, thereby achieving transhybrld 
balance at V^xo* 

Additional Tip and Ring Offset Voltage 

A DC offset is required to level shift tip and ring from ground 
and Vqat respectively. By design, the tip amplifier is offset 
4V below ground and the ring amplifier is offset 4V above 
Vbat- The 4V offset was designed so that the peak voice sig¬ 
nal could pass through the SLIC without distortion. There¬ 
fore, to maintain distortion free transmission of pulse 
metering and voice, an additional offset equal to the peak of 
the pulse metering signal is required. 

The tip and ring voltages are offset by a voltage divider 
network on the Vrx pin. The Vrx Pin Is a unity gain Input 
designed as the 4-wlre side voice Input for the SLIC. 
Figure 13 details the circuit used to generate the additional 
offset voltage. 


+5V 



TO VOICE INPUT OF 
TRANSHYBRID AMP 


The first term refers to the signal at OUT1 and the second 
term refers to the 4-wire side pulse metering signal. Since 
ideal transhybrld cancellation implies Vyxo actuals zero 
when a signal is injected on the 4-wire side, Vjxo 
zero and the resulting equation is shown below. 



FIGURE 13. PULSE METERING OFFSET GENERATION 

The amplifier shown is the tip amplifier. Other signals are 
connected to the summing node of the amplifier but only 
those components used for the offset generation are shown. 
The offset generated at the output of the tip amplifier is 
summed at the ring amplifier inverting input to provide a pos¬ 
itive offset from the battery voltage. The connection to the 
ring amplifier was omitted from Figure 13 for clarity, refer to 
Figure 3 for details. 
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The term Vp^o is defined to be the offset required for the 
pulse metering signal. The value of the offset voltage is cal¬ 
culated as the peak value of the pulse metering signal. 
Equation 45 assumes the amplitude of the pulse metering 
signal is expressed as an rms voltage. 


The value of Re can be calculated from the following 
equation: 


R ys-v 

Vp 


The component labeled R is the internal summing resistor of 
the tip amplifier and has a typical value of 108kQ. The value 
of R 7 should be selected in the range of 4.99kQ and 10ka 
Staying within these limits will minimize the parallel loading 
effects of the internal resistor R on R 7 as well as minimize 
the constant power dissipation introduced by the divider. 

Solving Equation 45 for IVr^s results in a 1.414V require¬ 
ment for VpMo- Setting R 7 of Equation 46 to lOkil and sub¬ 
stituting the values for VpMO arid R yields 23.2kQ for Re- 
The value of Rg can be rounded to the nearest standard 
value without significantly changing the offset voltage. 

Single Low Voltage Supply Operation 

The application circuit shown Figure 15 requires 2 low 
voltage supplies (+5V, -5V). The following application offers 
away to make use of a 2.5V reference, provided with some 
CODEC, to operate the transhybrid balance amplifier from 
a single +5V supply. The implementation is shown in 
Figure 14. Notice that the three inputs from the SLIC must all 
be AC coupled to insure the proper DC gain through the 
CODECs internal op amp. The resistor Ra is not used for 
gain setting and is only intended to balance the DC offsets 
generated by the input bias current of the CODEC amplifier, 
if the DC offsets generated by the input bias currents are 
negligible, then Ra may be omitted from the circuit. Ca may 
be required for decoupling of the voltage reference pin and 
does not contribute to the response of the amplifier. 


Layout Guidelines and Considerations 

The printed circuit board trace length to all high Impedance 
nodes should be kept as short as possible. Minimizing length 
will reduce the risk of noise or other unwanted signal pickup. 
The short lead length also applies to ail high gain inputs. The 
set of circuit nodes that can be categorized as such are: 

• Vrx pin 27, the 4-wlre voice Input. 

• -INI pin 13, the inverting input of the Internal amplifier. 

• Vref pin 3, the noninverting input to ring feed amplifier. 

• Vring pin 24, the 20VA/ input for the ringing signal 

• U1 pin 2, inverting Input of external amplifier. 

For multi layer boards, the traces connected to tip should not 
cross the traces connected to ring. Since they will be carry¬ 
ing high voltages, and could be subject to lightning or surge 
depending on the application, using a larger than minimum 
trace width is advised. 

The 4-wire transmit and receive signal paths should not 
cross. The receive path is any trace associated with the Vrx 
input and the transmit path is any trace associated with Vjx 
output. The physical distance between the two signal paths 
should be maximized to reduce crosstalk. 

The mode control signals and detector outputs should be 
routed away from the analog circuitry. Though the digital sig¬ 
nals are nearly static, care should be taken to minimize cou¬ 
pling of the sharp digital edges to the analog signals. 

The part has two ground pins, one is labeled AGND and the 
other BGND. Both pins should be connected together as 
close as possible to the SLIC. If a ground plane is available, 
then both AGND and BGND should be connected directly to 
the ground plane. 

A ground plane that provides a low impedance return path 
for the supply currents should be used. A ground plane pro¬ 
vides isolation between analog and digital signals. If the lay¬ 
out density does not accommodate a ground plane, a single 
point grounding scheme should be used. 


0.1 nF R2 


0.1 hF R 3 


0.1 ^F R4 


Ra > I 
24.9kQ > • 




FIGURE 14. SINGLE LOW VOLTAGE SUPPLY OPERATION 
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Application Pin Descriptions 




RING 
SENSE 1 


RING 
SENSE 2 



DESCRIPTION 




Analog Ground - To be connected to zero potential. Serves as a reference for the transmit output 
and receive input terminals. 


Positive Voltage Source - Most Positive Supply. 


Ring amplifier reference override. An external voltage connected to this pin will override the internal 
Vbat/2 reference. 


Power Denial -A low active TTL compatible logic control input. When enabled, the output of the ring 
amplifier will ramp close to the output voltage of the tip amplifier. 


TTL compatible logic control input that must be tied high for proper SLiC operation. 


TTL compatible logic control input that must be tied high for proper SLIC operation. 


Switch Hook Detection - An active low TTL compatible logic output. Indicates an offhook condition. 


Ring Trip Detection - An active low TTL compatible logic output. Indicates an off-hook condition when 
the phone is ringing. 


TTL compatible logic control input that must be tied high for proper SLIC operation. 


A TTL compatible active low output which responds to the thermal detector circuit when a safe 
operating die temperature has been exceeded. 


Loop Current Limit - Voltage on this pin sets the short loop current limiting conditions using a 
resistive voltage divider. 


The analog output of the spare operational amplifier. 


The inverting analog input of the spare operational amplifier. Note that the non-inverting input of the 
amplifier is internally connected to AGND. 


An analog Input connected to the TIP (more positive) side of the subscriber loop through a feed 
resistor and ring relay contact. Functions with the RING terminal to receive voice signals from the 
telephone and for loop monitoring purpose. 


An analog Input connected to the RING (more negative) side of the subscriber loop through a feed 
resistor. Functions with the TIP terminal to receive voice signals from the telephone and for loop 
monitoring purposes. 


This is an internal sense mode that must be tied to RING SENSE 1 for proper SLIC operation. 


Receive input, 4-Wire Side - A high Impedance analog input. AC signals appearing at this input drive 
the Tip Feed and Ring Feed amplifiers deferentially. 


Not used in this application.This pin should be left floating. 


Transmit Output, 4-Wire Side - A low impedance analog output which represents the differential 
voltage across TIP and RING. Since the DC level of this output varies with loop current, capacitive 
coupling to the next stage is necessary. 


TTL compatible input to drive the uncommitted relay driver. 


This is the output of the uncommitted relay driver. 


Battery Ground - To be connected to zero potential. All loop current and some quiescent current 
flows into this terminal. 


Not used in this application. This pin should be either grounded or left floating. 


Ring signal Input (OV to SVpe^K 20Hz). 


This is the output of the tip amplifier. 


This is the output of tbe ring amplifier. 


The negative battery source. 


Ring Trip Input - This pin is connected to the external negative peak detector output for ring trip 
detection. 
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Pinouts 


HC5517 (PLCC) 
TOP VIEW 


HC5517 (SOIC) 
TOP VIEW 


FO 

K 

RS 

[I 

SHG 

E 

RTb 

K 

TST 

E 

ALM 

Qo 

ILMT 

IE 


LL S ^ ^ > K 

o 


mJTf 
2 ^ VRINQ 
2^ NU 
m BGND 
2 ll RDO 
20 ] RDI 
13 Vtx 


112J |13J |14J |15J |16J llTj |18J 

-I- ^ UJ ^ CM X 3 

t Z CO 111 U1 Z 

§ ’ S 8 I 

Q. CO CO 

poo 


AQND [T 

VccH 

VREF[T 

F1 [7 
F0[? 
RS [T 

SHB [7 
Rro [8 
T§T[? 

ilmtQT 

OUT1 |l2 
•IN1 

TIP SENSE lu 


^ RTI 
£|Vbat 
^ RF 
^TF 
^ VRING 
^ NU 
^ BGND 

21 ] Abo 

^ RDI 

HIvtx 

i 8 |NU 

2Z|''rx 

Te] RING SENSE 2 
is] RING SENSE 1 


Applications Circuit 


14 TIP SENSE 
25 TF 


! *^2*C9iDi : 

H— X-||-^Vbat 
I D4* WD3 I 
!tt T - T ; I 


Vov 17 

■Re^ 

1 

_ 1 _ 

»RX •' 


1 




ILIMT11 

Bioi 


Vtx 19 

-H 

f “ *■ 


; PULSE METERING OPTION 


26 RF 

16 RING SENSE 2 


R4^ 


+5V -5V 


ir~] 

1 9 9 



-LIP* 

cji-T 

6 


—1— 

f 1 



15 RING SENSEI 
2 Vcc 


CiszJ: ::J:Ci4 

[Di 2 

3|i-C 

Ci3_ •7 >Ci2 


1 AGND 
22 BGND 


RTI 28 

SHD mt5 TST RS 
7 8 10 9 6 



— 1 ^- 

C 11 

_ _.11_ 

'^Dii 

i 

II 

Ri8 

^Ci6 


^Ds 


~i "jf 

^R17 



t Not required for MOSFETs with body diodes R 2 i l ^ 1 Ran 

tt Diode bridge optional for In-house use 6 ^v 


FIGURE 15. APPLICATION CIRCUIT 
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HC5517EVAL Evaluation Board Parts List 


COMPONENT 

VALUE 

TOLERANCE 

RATING 

COMPONENT 

VALUE 

TOLERANCE 

RATING 

sue 

HC5517 

n/a 

n/a 

C2, C4, Cl 5 

O.lpF 

20 % 

50V 

Ri, Ra 

24.9kO 

1 % 

1/4W 

C5, C7 

lOpF 

20 % 

20V 

R3 

8.25kQ 

1 % 

1/4W 

Ce, Cg 

0.47pF 

20 % 

20V 

R4 

12 . 1 kn 

1 % 

1/4W 

Cg, C12 

0.01 pF 

20 % 

100 V 

Rs, Rs, R9 

40kO 

1 % 

1/4W 

C10 

I.OpF 

20 % 

50V 

Rq (not provided) 

23.2kO 

1 % 

1/4W 

C11 

lOOpF 

20 % 

5V 

R 7 (not provided) 

lOkO 

1% 

1/4W 

Ci3 

0.1 pF 

20 % 

100 V 

Rio 

lOOkO 

5% 

1/4W 

Cl 6 

0.5pF 

20 % 

50V 

Rii -14 

500 

1 % 

1/4W 

C17C18 

3300pF 

20 % 

100V 

Ri 5 

47kO 

1% 

1/4W 

Di- 4, D7, Dg^ D10 

1N4007 


100V, 1A 

Ri6 

1.5MQ 

1% 

1/4W 

D5, Dg Di 2. Di3 

1N914 


100V, 1A 

Ri 7 

56.2kO 

1 % 

1/4W 

Dg 

1N4744 


15V, 1W 

Ri8 

l.lkO 

1% 

1/4W 

D11 

1N5255 


28V, 1/2- 
Wire 

Ri 9 

8250 

1 % 

1/4W 

Ti 

NTE 383 


100V, 1A 

R22, R29, R30, R31 

lOkO 

5% 

1/4W 

Ta 

2N2907 


60V,150mA 

R24 

47kO 

5% 

1/4W 

T 3 

RFP2N10or 

equivalent 


100V, 2A 

R 25-27 

5600 

5% 

1/4W 

FI, RC, BATTERY 

SPOT Toggle switches, center off. 

R28 

20kO Potentiometer 

1/4W 

U1 

CA741COpAmp 

R 21 

47kO 

5% 

1/4W 

Textooi Socket 

228-5523 


Ci,C3^ Ci4 


0.01 JIF 


20 % 


50V 





















































































































































Central Office 


CENTRAL OFFICE SWITCH 




USA 

ROW 

SLICs 

HC5523 

HC5513 (Note) 

HC5519 

HC5520 

HC5521 

HC5526 

HC5515 

HC-5509B 

COMBOS 

CD22354A 

CD22357A 

Transcoder 

HC5560 

CD22103A 

Protection 

SGT06U13 

SGT06U13 


NOTE: When used in fiber loop carrier applications. 


TO 

OTHER 

COs 


TO 

PABX 
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Features 

• Complete A-Law Codec, Filter, and SLIC Functions 
with Serial Digital Control and Status Monitoring 

• 30mA Current Limit on Normal or Reverse Loop Feed 

• Constant Voltage (Resistance) Feed on Long Loops 

• On-Hook Transmission 

• Switch Hook Detection 

• User Selectable 2-Wire Complex Impedance 

• User Selectable Receive Gain 

• User Selectable Transmit Gain 

• Ringing, Test-In, and Test-Out Relay Drivers 

• Zero Crossing Ring Trip Detection and Ring Relay 
Release 

• Thermal Shutdown Protection 

• Meets CCiTT/China Transmission Requirements 

Applications 

• CO/PABX Line Circuits 


Pinout 


HC5519 (MQFP) 
TOP VIEW 


Description 

The HC5519 SLIC is designed to meet the technical require¬ 
ments of the China Telecommunications network. It provides 
many of the BORSCHT functions associated with a Central 
Office line circuit. 

The HC5519 consists of an A-Law Codec/Filter, a 2-wire 
interface circuit, an impedance control circuit, a ringing con¬ 
trol circuit, a power management circuit, and a serial control 
interface circuit which Is used to program and monitor the 
operation of the device. 

The integration of the line interface and coder/decoder func¬ 
tions into a 80 pin MQFP surface mount package and standard 
value surface mount components avoids the need for costly 
hybrid packaging techniques and offers the superior reliability of 
an integrated solution for dense circuit board layouts. 

The SLIC combines Harris’ patented Bonded Wafer 
Dielectrically isolated fabrication techniques with a state of 
the art CMOS process to produce the world’s most compact 
line circuit signal processing solution. 

Ordering Information 
__ 

PART NUMBER RANGE (°C) PACKAGE PKG. NO. 

HC5519CQ 0to70 80 Ld MQFP 080.14x20 


Block Diagram 


•^80 79 78 77 76 75 74 73 72 71 70 69 68 67 66 65 ^ 


DR DX VFXI VFRO RX TX TX4W RN KZO 


I PROGRAMMING INTERFACE I 


I PCM 1 
interface! 


2-WIRE 

INTERFACE 


• TIP 

• TIPSEN 

> RINGSEN 

• RING 


STATUS AND 
CONTROL 


TEST CONTROL 


RING 

CONTROL 


BATTERY 

REFERENCE 


POWER 

MANAGEMENT 


25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 


GNDD GNDA CP RDC CDC 


CAUTION; These devices are sensitive to electrostatic discharge. Users should follow proper 1C Handling Procedures. 
Copyright © Harris Corporation 1997 . «« 
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SEMICONDUCTOR 


HC5520 


ADVANCE INFORMATION 

January 1997 


sue 

Subscriber Line Interface Circuit 


Features 

• Normal and Reversed DC Feed 

• 30mA Current Limit 

• Ringing, Test-In, and Test-Out Relay Drivers 

• Thermal Shutdown Protection with Alert Signal 

• On-Hook Transmission 

• Selectable Transmit and Receive Gain Setting 

• Selectable 2-Wire Impedance Matching 

• Zero Crossing Ring Trip Detection and Ring Reiay 
Reiease 

• Parailei Digitai Controi and Status Monitoring 

• Protection Resistors Inside Feedback Loop Allows the 
Use of PTC Devices Without impact on Longitudinai 
Baiance 

Applications 

• PABX/CO Line Circuits 


Description 

The HC5520 is a Monolithic Subscriber Line Interface Circuit 
(SLiC) for Analog Subscriber Line cards in Central Office 
and PABX switches. 

The HC5520 provides a comprehensive set of features for 
these applications including loop reversal, zero crossing 
ringing relay operation, long loop drive and a mutually inde¬ 
pendent setting of the receive and transmit gains, and the 
two wire impedance synthesis. An option Is also provided for 
eliminating transhybrid balance on-chip. Advanced power 
management features combined with a small 44 lead MQFP 
package allow significant board space to be freed up for 
additional line circuits. 

The HC5520 is fabricated in a Harris state-of-the-art Bonded 
Wafer High Voltage process, providing freedom from tradi¬ 
tional Ji latch-up phenomena without the use of additional 
power supply filtering components or substrate tie connec¬ 
tions. The very low parasitics and leakages associated with 
this process provide an exceptionally flat performance over 
frequency and temperature. 

Ordering Information 

PART NUMBER RANGE (^C) PACKAGE PKG. NO. 
HC5520CQ 0to70 44 Ld MQFP 044.10x10 


Block Diagram 


Px Tx Tx4W Rn Kzo 



tipsen 

RINGsen 


Cp Rpc Cdc 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1C Handling Procedures. 
Copyright © Harris Corporation 1997 . «. 
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Features 

• Normal and Reversed DC Feed 

• 30mA Current Limit 

• Ringing, Test-In, and Test-Out Relay Drivers 

• Ground Key Detector with Seperate Logic Output 

• Thermal Shutdown Protection with Alert Signal 

• On-Hook Transmission 

• Selectabie Transmit and Receive Gain Setting 

• Selectable 2-Wire impedance Matching 

• Zero Crossing Ring Trip Detection and Ring Relay 
Release 

• Parallel Digital Control and Status Monitoring 

• Protection Resistors inside Feedback Loop allows the 
use of PTC Devices without Impact on Longitudinal 
Balance 

Applications 

• PABX/CO Line Circuits 


Description 

The HC5521 is a Monolithic Subscriber Line Interface Circuit 
(SLIC) for Analog Subscriber Line cards in Central Office 
and PABX switches. 

The HC5521 provides a comprehensive set of features for 
these applications including loop reversal, ground key detec¬ 
tion, zero crossing ring relay operation, long loop drive and a 
mutually independent setting of the receive and transmit 
gains, and the two-wire impedance synthesis. An option is 
also provided for eliminating transhybrid balance on-chip. 
Advanced power management features combined with a 
small 44 lead MQFP package allow significant board space 
to be freed up for additional line circuits. 

The HC5521 is fabricated in a Harris state of the art Bonded 
Wafer High Voltage process, providing freedom from tradi¬ 
tional Jl latch-up phenomena without the use of additional 
power supply filtering components or substrate tie connec¬ 
tions. The very low parasitics and leakages associated with 
this process provide an exceptionally flat performance over 
frequency and temperature. 

Ordering Information 


TEMP. 

PART NUMBER RANGE (°C) PACKAGE 
IC5521CQ 0to70 44 Ld MQFP 


HC5521CQ 

HC5521CM 


PKG. NO. 
044.10x10 


0to70 44LdPLCC N44.65 



CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
Copyright © Harris Corporation 1997 . 
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Features 

• Dl Monolithic High Voitage Process 

• Programmabie Current Feed (20mA to 60mA) 

• Programmabie Loop Current Detector Threshoid and 
Battery Feed Characteristics 

• Ground Key and Ring Trip Detection 

• Compatibie with Ericsson’s PBL3764 

• Thermal Shutdown 

• On-Hook Transmission 

• Wide Battery Voltage Range (-24V to -58V) 

• Low Standby Power 

• Meets TR-NWT-000057 Transmission Requirements 

• -40^C to 85^C Ambient Temperature Range 

Applications 

• Digital Loop Carrier Systems • Pair Gain 

• Fiber-ln-The-Loop ONUs • POTS 

• Wireless Local Loop • PABX 

• Hybrid Fiber Coax 

• Related Literature 

- AN9537, Operation of the HC5513/26 Evaluation 


Description 

The HC5513 is a subscriber line interface circuit which is 
interchangeable with Ericsson’s PBL3764 for distributed 
central office applications. Enhancements include immunity 
to circuit latch-up during hot plug and absence of false sig¬ 
naling in the presence of longitudinal currents. 

The HC5513 Is fabricated in a High Voltage Dielectrically 
Isolated (Dl) Bipolar Process that eliminates leakage cur¬ 
rents and device latch-up problems normally associated with 
Junction Isolated (Jl) ICs. The elimination of the leakage cur¬ 
rents results in improved circuit performance for wide tem¬ 
perature extremes. The latch free benefit of the Dl process 
guarantees operation under adverse transient conditions. 
This process feature makes the HC5513 ideally suited for 
use in harsh outdoor environments. 

Ordering Information 


PART 

NUMBER 

TEMP. 
RANGE (°C) 

PACKAGE 

PKG. NO. 

HC5513BIM 

-40 to 85 

28 Ld PLCC 

N28.45 

HC5513BIP 

-40 to 85 

22 Ld PDIP 

E22.4 



CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
Copyright © Harris Corporation 1997 . -- 
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HC5513 


Absolute Maximum Ratings Thermal Information 

Operating Temperature Range.-40°C to 110°C Thermal Resistance (Typical, Note 1) ejA°C/W 

Power Supply (-40OC < Ta ^ 850C) 22 Lead PDIP Package. 53 

Supply Voltage Vcc to GND.0.5V to 7V 28 Lead PLCC Package. 53 

Supply Voltage V^e to GND.-7V to 0.5V Continuous Dissipation at 70°C 

Supply Voltage Vbat to GND.-70V to 0.5V 22 Lead PDIP Package.1.5W 

Ground 28 Lead PLCC Package.1.5W 

Voltage between AGND and BGND.-0.3V to 0.3V Package Power Dissipation at 70°C, t < 100ms, tpEP > Is 

Relay Driver 22 Lead PDIP Package.4W 

Ring Relay Supply Voltage.OV to Vbat 75V 28 Lead PLCC Package.4W 

Ring Relay Current.50mA Derate above.70°C 

Ring Trip Comparator Plastic DIP Package.18.8mW/°C 

Input Voltage . Vbat to OV PLCC Package.18.8mW/®C 

Input Current. .... .-5mA to 5mA Maximum Junction Temperature Range.-40°C to 150°C 

Digital Inputs, Outputs (Cl, C2, EO, El, DET) Maximum Storage Temperature Range.-65°C to 150°C 

Input Voltage .OV to Vcc Maximum Lead Temperature (Soldering 10s).300°C 

Output Voltage ( DET Not Active).OV to Vcc (PLCC - Lead Tips Only) 

Output Current (DET).5mA 

Tipx and Ringx Terminals (-40®c < Ta ^ 85°C) Qje Characteristics 

Tipx or Ringx Voltage, Continuous (Referenced to GND) .Vbat to 2V . 

Tipx or Ringx, Pulse < 10ms, Trep > 10s .Vbat -20V to 5V .Transistors, 51 Diodes 

Tipx or Ringx, Pulse < lOps, Trep > 10s .Vbat -^OV to 10V 

Tipx or Ringx, Pulse < 250ns, Trep > 10s _Vbat "^OV to 15V 

Tipx or Ringx Current.70mA 

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operationai sections of this specification is not impiied. 

NOTE: 

1 . Oja Is measured with the component mounted on an evaluation PC board in free air. 


Typical Operating Conditions 

These represent the conditions under which the part was developed and are suggested as guidelines. 


Die Characteristics 

Gate Count. 


. 543 Transistors, 51 Diodes 


PARAMETER 


Case Temperature 


Vcc with Respect to AGND 


Vee with Respect to AGND 


Vbat with Respect to BGND 


CONDITIONS 


-40°C to 85°C 


-40°Cto85°C 


-40®Cto85°C 



MAX 

UNITS 

100 

OC 

5.25 


-4.75 


-24 

V 


Electrical Specifications Ta = -40°c to 85 °c, Vcc = 5V ±5%, Vee = -5V ±5%, Vbat = - 28 V, agnd = bgnd = ov, Rqci = Rdc2 * 

41.2kQ, Rq = 39kO, Rsg - Rpl “ Rf 2 ~ ^HP ^ ^DC “ ^ .5pF, Zl = 6000, Unless Otherwise 
Specified. All pin number references in the figures refer to the 28 lead PLCC package. 


PARAMETER 


CONDITIONS 


Overload Level 

1% THD, Zl = 6000, (Note 2, Figure 1) 

Longitudinal Impedance (Tip/Ring) 

0 < f < lOOHz (Note 3, Figure 2) 
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HC5S13 


Electrical Specifications Ta = -4000 to 85 ®c, Vcc = 5V ± 5 %, Vee=-5V ± 5 %, Vbat = - 28 V, agnd = bgnd = ov. Rdci = Rdc 2 = 
41.2kQ, Rq = 39ki[2, RsG “ ***• ^F1 “ ^F2 “ ^HP ” 10nF, Cqq = 1.5|iF, Z\_ — 600^ Unisss Othsrwis© 
Specified. Aii pin number references in the figures refer to the 28 iead PLCC package. (Continued) 


Off-Hook (Active) 

No False Detections, (Loop Current), 

LB > 45dB (Note 4, Figure 3A) 

On-Hook (Standby), Rl = oo 

No False Detections (Loop Current) 

(Note 6, Figure 3B) 


PARAMETER 


LONGITUDINAL CURRENT LIMIT (TIP/RING) 


CONDITIONS 


MIN TYP MAX UNITS 



20 

n^ApEAK/ 

Wire 

5 

•t^Apeak/ 

Wire 



Rdc2 Cdc 
RING Rdc i 



FIGURE 3A. OFF-HOOK 


FIGURE 3B. ON-HOOK 


FIGURE 3. LONGITUDINAL CURRENT LIMIT 


OFF-HOOK LONGITUDINAL BALANCE 


Longitudinal to Metallic 


Longitudinal to Metallic 


Metallic to Longitudinal 


Longitudinal to 4-Wire 


Metallic to Longitudinal 


4-Wire to Longitudinal 


IEEE 455 -1985, Rlr, Rlt = 3680 

0.2kHz < f < 4.0kHz (Note 6, Figure 4) 

55 

70 

Rlr, Rlt = 3000,0.2kHz < f < 4.0kHz 
(Note 6, Figure 4) 

55 

70 

FCCPart 68, Para 68.310 

0.2kHz <f< 1.0kHz 

50 

55 

1.0kHz <f< 4.0kHz (Note 7) 

50 

55 

0.2kHz < f < 4.0kHz (Note 8, Figure 4) 

55 

70 

Rlr, Rlt = 300O, 0.2kHz < f < 4.0kHz 
(Note 9, Figure 5) 

50 

55 

0.2kHz < f < 4.0kHz (Note 10, Figure 5) 

50 

55 





: Rt 

eooko Vtx 


I RING RSNI 
28 161 


2.16^F 

I- 


r-VvU-f - 

TIP 

Vtx 

3000 

27 

19 

Etr 



© 



Rlr 

RING 

RSN 

3000 

28 

16 


RrX ^ 

-VW-o-nVi 


FIGURE 4. LONGITUDINAL TO METALLIC AND 

LONGITUDINAL TO 4-WIRE BALANCE 


2-Wire Return Loss 
Chp = 20nF 


FIGURE 5. METALLIC TO LONGITUDINAL AND 4-WIRE TO 
LONGITUDINAL BALANCE 


0.2kHz to 0.5kHz (Note 11, Figure 6) 

25 

0.5kHz to 1 .OkHz (Note 11, Figure 6) 

27 

1 .OkHz to 3.4kHz (Note 11, Figure 6) 

23 



4-38 




































































HC5513 


Electrical Specifications Ta = -40°c to 85°c. Vcc = 5V ±5%, Vee = -sv ±5%, Vbat = -28V, agnd = bond = ov. Rdci = Rdc2 = 
41.2kft Rd - 39kQ, Rsq = «», Rpi = Rf 2 = Oii, Chp = 10nF, Cqc = -S^F, Z\_ = 6000, Unless Otherwise 
Specified. All pin number references in the figures refer to the 28 lead PLCC package. (Continued) 


PARAMETER 


TIP IDLE VOLTAGE 


Active, II = 0 


Standby, II = 0 


RING IDLE VOLTAGE 


Active, II = 0 


Standby, II = 0 


4-WIRE TRANSMIT PORT (Vyx) 


Overload Level 


Output Offset Voltage 


Output Impedance (Guaranteed by Design) 


2- to 4-Wire (Metallic to Vjx) Voltage Gain 


Zd _ 


CONDITIONS 



TIP 

27 

Vtx 

19 

RING 

28 

RSN 

16 


(Zl > 20kO, 1% THD) (Note 12, Figure 7) 


Eg = 0, Zl = «, (Note 13, Figure 7) 


0.2kHz < f < 03.4kHz 


0.3kHz < f < 03.4kHz (Note 14, Figure 7) 


2 . 16 ^F 



TIP 

Vtx 

27 

19 

RING 

RSN 

28 

16 


FIGURE 6. TWO-WIRE RETURN LOSS 


FIGURE 7. OVERLOAD LEVEL (4-WIRE TRANSMIT PORT), 
OUTPUT OFFSET VOLTAGE, 2-WIRE TO 4-WIRE 
VOLTAGE GAIN AND HARMONIC DISTORTION 


4-WIRE RECEIVE PORT (RSN) 


DC Voltage 


Rx Sum Node Impedance (Guaranteed by 
Design) 


Current Gain-RSN to Metallic 


FREQUENCY RESPONSE (OFF-HOOK) 


2-Wire to 4-Wire 


4-Wire to 2-Wire 


4-Wire to 4-Wire 


INSERTION LOSS 


2-Wlre to 4-Wire 


4-Wire to 2-Wire 


GAIN TRACKING (Ref = -lOdBm, at 1.0kHz) 


2-Wlre to 4-Wire 


2-Wire to 4-Wire 


IrSn = 0mA 


0.3kHz <f< 3.4kHz 


0.3kHz < f < 3.4kHz (Note 15, Figure 8) 


OdBm at 1.0kHz, Erx = 0V 

0.3kHz < f < 3.4kHz (Note 16, Figure 9) 


OdBm at 1.0kHz, Eg = 0V 

0.3kHz < f < 3.4kHz (Note 17, Figure 9) 


OdBm at 1.0kHz, Eg = 0V 

0.3kHz < f < 3.4kHz (Note 18, Figure 9) 


OdBm, 1kHz (Note 19, Figure 9) 


OdBm, 1kHz (Note 20, Figure 9) 


-40dBm to +3dBm (Note 21, Figure 9) 


-55dBm to -40dBm (Note 21, Figure 9) 
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HCSS13 


Electrical Specifications Ta = -40°c to 85°c, Vcc = 5V ± 5 %, Vee = -5V ± 5 %, Vbat = - 28 V, agnd = bond = ov, Rdci = Rdc2 = 
41.2k^ Rq = 39k^ Rsg == Rpl = ^F2 - ^HP 10riF» Cqq = 1 .5^iF, Zl = 60012, Unless Otherwise 
Specified. All pin number references in the figures refer to the 28 lead PLCC package. (Continued) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

4-Wire to 2-Wire -40dBm to +3dBm (Note 22, Figure 9) -0.1 - 0.1 dB 

4-Wire to 2-Wire -55dBm to-40dBm (Note 22, Figure 9) - ±0.03 - dB 


GRX = ((Vtri- VTR2)(300k))/(-3)(600) 

Where: Vjri is the Tip to Ring Voltage with Vrsn = OV 
and VjR 2 is the Tip to Ring Voltage with Vrsn = ’3V 

Vrsn = ov 



FIGURE 8. CURRENT GAIN-RSN TO METALLIC FIGURE 9. FREQUENCY RESPONSE, INSERTION LOSS, 

GAIN TRACKING AND HARMONIC DISTORTION 


NOISE 

Idle Channel Noise at 2-Wire 

C-Message Weighting (Note 23, 

Figure 10) 

’ 

12 

- 

dBmC 

Idle Channel Noise at 4-Wire 

C-Message Weighting (Note 24, 

Figure 10) 

- 

12 

- 

dBmC 

HARMONIC DISTORTION 

2-Wire to 4-Wire 

OdBm, 1kHz (Note 25, Figure 7) 

- 

-65 

-54 

dB 

4-Wire to 2-Wire 

OdBm, 0.3kHz to 3.4kHz (Note 26, 

Figure 9) 

- 

-65 

-54 

dB 

BATTERY FEED CHARACTERISTICS 

Constant Loop Current Tolerance 

RDCX = 41.2kO 

II = 2500/(Rdci + RdC2)» 

-40OCto85OC (Note 27) 

0.9Il 

II 

I.IIl 

mA 

Loop Current Tolerance (Standby) 

lL=(VBAr3)/(RL+1800), 

-40OC to 85°C (Note 28) 

0.8Il 

iL 

1.2Il 

mA 

Open Circuit Voltage (Vjip - Vring) 

-40OC to 85®C, (Active) 

14 

- 

20 

V 

LOOP CURRENT DETECTOR 

On-Hook to Off-Hook 

Rd = 39kQ, -40®C to B5^C 

372/Rd 

465/Rd 

558/Rd 

mA 

Off-Hook to On-Hook 

RD = 39kQ, -40OCto85°C 

325/Rd 

405/Rd 

485/Rd 

mA 

Loop Current Hysteresis 

RD = 39kQ, -40®Cto85°C 

25/Rd 

60/Rd 

95/Rd 

mA 

GROUND KEY DETECTOR 

Tip/Ring Current Difference - Trigger 

(Note 29, Figure 11) 

8 

12 

17 

mA 

Tip/Ring Current Difference - Reset 

(Note 29, Figure 11) 

3 

7 

12 

mA 

Hysteresis 

(Note 29, Figure 11) 

0 

5 

9 

mA 































































































HC5513 


Electrical Specifications Ta = ■40®c to 85“c, Vcc = sv ±5%, Vee = -5V ±5%, Vbat = - 28 V, agnd = bgnd = ov, Rdci = Rdc 2 = 
41.2kU Rd = 39kU Rsg = Rpl = Rf2 = 0^ ^hp = lOnF, Cdc = 1 -S^F, Z|_ = 600U Unless Otherwise 
Specified. All pin number references in the figures refer to the 28 lead PLCC package. (Continued) 


PARAMETER 


CONDITIONS 



FIGURE 10. IDLE CHANNEL NOISE 


RING TRIP DETECTOR (DT, DR) 


Offset Voltage 


Input Bias Current 


Input Common-Mode Range 


Input Resistance 


RING RELAY DRIVER 


Vs AT 25mA 


Off-State Leakage Current 


DIGITAL INPUTS (EO, El, Cl, C2) 


Input Low Voltage, V|l 


Input High Voltage, V|h 


Input Low Current, I|l: Cl, C2 


Input Low Current, ln_: EO, El 


Input High Current 


DETECTOR OUTPUT (DET) 


Output Low Voltage, Vql 


Output High Voltage, Vqh 


Internal Pull-Up Resistor 


POWER DISSIPATION 


Open Circuit State 


On-Hook, Standby 


On-Hook, Active 


Off-Hook, Active 


Source Res = 0 


Source Res = 0 


Source Res = 0 


Source Res = 0, Balanced 


OL = 25mA 


Vqh = 12 V 


V|L = 0.4V 


V|L = 0.4V 


V|H = 2.4V 


Iql = 2mA 


IOH = lOO^lA 


Cl = C2 = 0 


Cl = C2 = 1 


C1 = 0, C2 = 1, Rl = High Impedance 


Rl = 0O 


Rl = 300Q 


Rl = 600Q 



TEMPERATURE GUARD 


Thermal Shutdown 
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HCS513 


Electrical Specifications 


PARAMETER 


SUPPLY CURRENTS (Vbat =" 


Ta = -40°C to 85°C, Vcc = 5V ±5%, Vee = ’5V ±5%, Vbat = -28V, AGND =* BGND = OV, Rpci = RdC2 = 
41.2kQ, Rq =; 39kn, RsG ~ '*> Rpl ” Rf2 ” ^HP ” ^ ^DC ” ^ -SixF, Zl = 600Q, Unless Otherwise 
Specified. All pin number references in the figures refer to the 28 lead PLCC package. (Continued) 


CONDITIONS 


lcc» On-Hook 

Open Circuit State (C1,2 = 0, 0) 


Standby State (Cl, 2 = 1,1) 

Active State (Cl, 2 = 0,1) 

Iee. On-Hook 

Open Circuit State (Cl, 2 = 0, 0) 


Standby State (Cl. 2 =1,1) 

Active State (Cl, 2 = 0,1) 

•bat* On-Hook 

Open Circuit State (Cl, 2 = 0, 0) 


Standby State (Cl, 2 = 1,1) 

Active State (Cl, 2 = 0,1) 


Vcc to 2 or 4-Wire Port 

(Note 30, Figure 12) 

Vee to 2 or 4-Wire Port 

(Note 30, Figure 12) 

Vbat to 2 or 4-Wlre Port 

(Note 30, Figure 12) 



-48V SUPPLY 
5V SUPPLY 
-5V SUPPLY 


100inVRMS> 50Hz TO 4kHz 


TIP 

Vtx 

27 

19 

RING 

RSN 

28 

16 


PSRR * 20 log (Vjx/Vin) 


FIGURE 12. POWER SUPPLY REJECTION RATIO 


Circuit Operation and Design Information 

current feed voltage sense Subscriber Line Constant Loop Current (DC) Path 
(SLIC), This means that for short loop 

SLIC provides a oroaramed constant SLIC in the Active Mode 


The HC5513 is a current feed voltage sense Subscriber Line 
Interface Circuit (SLIC). This means that for short loop 
applications the SLIC provides a programed constant 
current to the tip and ring terminals while sensing the tip to 
ring voltage. 


The following discussion separates the SLIC’s operation into 
its DC and AC path, then follows up with additional circuit 
and design information. 


The DC path establishes a constant loop current that flows 
out of tip and into the ring terminal. The loop current is pro¬ 
grammed by resistors Rpci* ^DC2 the voltage on the 
Rdc pin (Figure 13). The Rqc voltage is determined by the 
voltage across Ri in the saturation guard circuit. Under 
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FIGURE 13. DC LOOP CURRENT 


constant current feed conditions, the voitage drop across R-j 
sets the Rpc voltage to -2.5V. This occurs when current 
flows through Ri into the current source I 2 . The Rpc voltage 
establishes a current (Irsn) that Is equal to Vrdc/(Rdci 
+Rdc 2)- This current is then multiplied by 1000, In the loop 
current circuit, to become the tip and ring loop currents. 

For the purpose of the following discussion, the saturation 
guard voltage is defined as the maximum tip to ring voltage 
at which the SLIC can provide a constant current for a given 
battery and overhead voltage. 

For loop resistances that result in a tip to ring voltage less 
than the saturation guard voltage the loop current is defined 
as: 

II - R ^!r -X1000 (EQ.1) 

"DC1 ■‘■"DC2 

where: II = Constant loop current. 

Rdci RdC 2 = Loop current programming resistors. 

Capacitor Cpc between RpQi and Rdc 2 removes the VF 
signals from the battery feed control loop. The value of Cpc 
is determined by Equation 2: 


"DC2^ 

where T = 30ms 

NOTE: The minimum Cpc value is obtained if Rqqi = Rdc2 

Figure 14 illustrates the relationship between the tip to ring 
voltage and the loop resistance. For a 0^ loop resistance 
both tip and ring are at Vbat/2. As the loop resistance 
increases, so does the voltage differential between tip and 
ring. When this differential voltage becomes equal to the 
saturation guard voltage, the operation of the SLIC’s loop 
feed changes from a constant current feed to a resistive 
feed. The loop current in the resistive feed region is no 
longer constant but varies as a function of the loop 
resistance. 


Vbat - -48V, l|. s 23mA, Rsg - 21 Ak£l 



LOOP RESISTANCE (Q) 

FIGURE 14. Vtr vs Rl 

Figure 15 shows the relationship between the saturation 
guard voltage, the loop current and the loop resistance. Notice 
from Figure 15 that for a loop resistance <1.2kt2 (Rsg = 
21.4ki2) the SLIC is operating in the constant current feed 
region and for resistances >1 .2kQ the SLIC is operating in the 
resistive feed region. Operation in the resistive feed region 
allows long loop and off-hook transmission by keeping the tip 
and ring voltages off the rails. Operation in this region is trans¬ 
parent to the customer. 


CURRENT 

ON 

IN GUARD 
fTR-38V 



SATURATION GUARD 
VOLTAGE, Vtr = 13V 


10 20 30 

LOOP CURRENT (mA) 


<1.2lcQ RRSQB21.4kO 
_<40W2^ RrSG ® 


FIGURE 15. Vtr vs 11. and Rl 
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The Saturation Guard circuit (Figure 13) monitors the tip to 
ring voltage via the transconductance amplifier A-|. Ai gen¬ 
erates a current that is proportional to the tip to ring voltage 
difference. ii is internally set to sink all of A^s current until 
the tip to ring voltage exceeds 12.5V. When the tip to ring 
voltage exceeds 12.5V (with no Rsg resistor) A-j supplies 
more current than l-t can sink. When this happens A 2 ampli¬ 
fies its input current by a factor of 12 and the current through 
Ri becomes the difference between i 2 and the output cur¬ 
rent from A 2 . As the current from A 2 increases, the voltage 
across R^ decreases and the output voltage on Rqq 
decreases. This results in a corresponding decrease in the 
loop current. The Rsq pin provides the ability to increase the 
saturation guard reference voltage beyond 12.5V. Equation 3 
gives the relationship between the Rsg resistor value and 
the programmable saturation guard reference voltage: 


SLIC in the Standby Mode 

Overall system power is saved by configuring the SLIC In the 
standby state when not in use. In the standby state the tip 
and ring amplifiers are disabled and internal resistors are 
connected between tip to ground and ring to Vbat- This con¬ 
nection enables a loop current to flow when the phone goes 
off-hook. The loop current detector then detects this current 
and the SLIC is configured in the active mode for voice 
transmission. The loop current in standby state is calculated 
as follows: 


II = Loop current in the standby state. 
Rl = Loop resistance. 

Vbat = Battery voltage. 


Vsgref = Saturation Guard reference voltage. 

Rsg = Saturation Guard programming resistor. 

When the Saturation guard reference voltage is exceeded, 
the tip to ring voltage is calculated using Equation 4: 

16.66 + 5 • 10^/RgQ (EQ. 4) 

''tR = + 

where: 

VjR = Voltage differential between tip and ring. 

Rl = Loop resistance. 

For on-hook transmission Rl = <», Equation 4 reduces to: 

W _,Rfifi*5.10® (EQ.5) 

Vt„ -16.66 + -^ 

The value of Rsg should be calculated to allow maximum 
loop length operation. This requires that the saturation guard 
reference voltage be set as high as possible without clipping 
the Incoming or outgoing VF signal. A voltage margin of -4V 
on tip and -4V on ring, for a total of -8V margin, is recom¬ 
mended as a general guideline. The value of Rsg is calcu¬ 
lated using Equation 6: 


(|^bat1“ ^margin) 


Vbat = Battery voltage. 


(Bdci *^002 ^ 


■16.66 V 
(EQ.6) 


(AC) Transmission Path 

SLIC In the Active Mode 


Figure 16 shows a simplified AC transmission model. Circuit 
analysis yields the following design equations: 

Vtb = V-ry + lM*2Rp (EQ.9) 


^MARGIN = Recommended value of -SV to allow a maximum into the SLIC, including the fuse resii 
overload level of 3.1 V peak. as follows: 

For on-hook transmission Rl =Equation 6 reduces to: Let Vrx = 0. Then from Equation 10 


Zt Zqy ~ 1000 


VjR = Is the AC metallic voltage between tip and ring, 
including the voltage drop across the fuse resistors Rp. 

Vjx = Is the AC metallic voltage. Either at the ground refer¬ 
enced 4-wire side or the SLIC tip and ring terminals. 

I|^ = Is the AC metallic current. 

Rf = Is a fuse resistor. 

Zj = Is used to set the SLIC’s 2-wire impedance. 

Vrx = Is the analog ground referenced receive signal. 

Zrx = Is used to set the 4-wlre to 2-wlre gain. 

Eg = Is the AC open circuit voltage. 

Zl = Is the line impedance. 

(AC) 2-Wire Impedance 

The AC 2-wlre impedance (Zjr) is the impedance looking 
into the SLIC, including the fuse resistors, and is calculated 
as follows: 




''tx - ^T*io66 
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FIGURE 16. SIMPLIFIED AC TRANSMISSION CIRCUIT 


ZjR is defined as: 


Substituting in Equation 9 for Vjr 


7 _ _L 

I., 


Substituting in Equation 12 for V-fx 


^tr - iooo'^^^F 


(EQ. 15) 


Therefore 

Zj = 1000*(ZTp-2Rp) (EQ- 

Equation 16 can now be used to match the SLiC’s imped¬ 
ance to any known line impedance (Zjr). 

EXAMPLE: 

Calculate Zj to make Zjr = 600Q in series with 2.16pF. 

RF = 20n. 

Zt = 1000.f600 +-5-s-2*2o'l 

jo). 2.16.10"® ^ 

Zj = 560kil in series with 2.16nF 

(AC) 2-Wire to 4-Wire Gain 

The 2-wire to 4-wire gain is equal to Vjx/ Vjr 

From Equations 9 and 10 with Vrx = 0 

A - (EQ. 17) 

^'2-4 v^p Zj/1000 + 2Rp 

(AC) 4-Wire to 2-Wire Gain 

The 4-wire to 2 -wire gain is equal to VjrA/rx 

From Equations 9,10 and 11 with Eq = 0 


Vpx Zpx Zt (EQ-18) 

For applications where the 2-wire impedance (Zjr, 
Equation 15) is chosen to equal the line impedance (Z(_), the 
expression for A 4.2 simplifies to: 


(AC) 4-Wire to 4-Wire Gain 

The 4-wire to 4-wire gain is equal to Vjx/Vrx 
F rom Equations 9,10 and 11 with Eq = 0 


Transhybrid Circuit 

The purpose of the transhybrid circuit Is to remove the 
receive signal (Vrx) from the transmit signal (Vjx), thereby 
preventing an echo on the transmit side. This is 
accomplished by using an external op amp (usually part of 
the CODEC) and by the inversion of the signal from the 
4-wire receive port (RSN) to the 4-wire transmit port (Vjx). 
Figure 17 shows the transhybrid circuit. The input signal will 
be subtracted from the output signal if li equals I 2 . Node 
analysis yields the following equation: 


The value of Zr is then 


Zb - “^TX • vZ 


Where VrxA/jx equals 1/ A 4.4 
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Therefore 


Loop Current Detector 


Zj 

, „ ZrX (EQ23) 

^TX'zjr* Zl + 2Rf 

Example: 

Given: Rjx = 20kQ, Zrx = 280kQ, Zj = 562kQ (standard 
value), Rp = 20Q and Zl= 600Q 

The value of Zq = 18.7kQ 

RpB 



FIGURE 17. TRANSHYBRID CIRCUIT 


Supervisory Functions 

The loop current, ground key and the ring trip detecto r out- 
puts are multiplexed to a single logic output pin called DET. 
See Table 1 to determine the active detector for a given logic 
input. For further discussion of the logic circuitry see section 
titled “Digital Logic Inputs”. 

Before proceeding with an explanation of the loop current 
detector, ground key detector and later the longitudinal imped¬ 
ance, it is important to understand the difference between a 
“metallic” and “longitudinal” loop currents. Figure 18 Illustrates 
3 different types of loop current encountered. 

Case 1 Illustrates the metallic loop current. The definition of 
a metallic loop current is when equal currents flow out of tip 
and into ring. Loop current is a metallic current. 

Cases 2 and 3 illustrate the longitudinal loop current. The 
definition of a longitudinal loop current is a common mode 
current, that flows either out of or into tip and ring 
simultaneously. Longitudinal currents in the on-hook state 
result In equal currents flowing through the sense resistors 
Rl and R 2 (Figure 18). And longitudinal currents In the off- 
hook state result in unequal currents flowing through the 
sense resistors R<| and R 2 - Notice that for case 2, 
longitudinal currents flowing away from the SLIC, the current 
through R-i is the metallic loop current plus the longitudinal 
current; whereas the current through R 2 is the metallic loop 
current minus the longitudinal current. Longitudinal currents 
are generated when the phone line Is Influenced by 
magnetic fields (e.g. power lines). 


Figure 18 shows a simplified schematic of the loop current 
and ground key detectors. The loop current detector works 
by sensing the metallic current flowing through resistors R-i 
and R 2 . This results in a current (Ird) out of the transcon¬ 
ductance amplifier (gm-j) that is equal to the product of gm-i 
and the metallic loop current. Irq then flows out the Rq pin 
and through resistor Rq to V^e. The value of Irq is equal to: 


RD 


"^ringI 


600 


300 


(EQ. 24) 


The Ird current results in a voltage drop across Rq that is 
compared to an internal 1.25V reference voltage. When the 
voltage drop across Rp exceeds 1.2 5V, an d the logic is con¬ 
figured for loop current detection, the DET pin goes low. 

The hysteresis resistor Rr adds an additional voltage effec¬ 
tively across Rq, causing the on-hook to off-hook threshold 
to be slightly higher than the off-hook to on-hook threshold. 

Taking into account the hysteresis voltage, the typical value 
of Rq for the on-hook to off-hook condition is: 

o 465 


(EQ. 25) 


ON-HOOK to OFF-HOOK 


Taking into account the hysteresis voltage, the typical value 
of Rp for the off-hook to on-hook condition Is: 

375 


- f 


(EQ. 26) 


OFF-HOOK to ON-HOOK 


A filter capacitor (Cq) in parallel with Rq will improve the 
accuracy of the trip point in a noisy environment. The value 
of this capacitor is calculated using the following Equation: 

c„ T (EQ.27) 

where: T = 0.5ms 

Ground Key Detector 

A simplified schematic of the ground key detector is shown 
in Figure 18. Ground key, is the process in which the ring ter¬ 
minal is shorted to ground for the purpose of signaling an 
Operator or seizing a phone line (between the Central Office 
and a Private Branch Exchange). The Ground Key detector 
is activated when unequal current flow through resistors Ri 
and R 2 - This results in a current (Iqk) out of the transcon¬ 
ductance amplifier (gm 2 ) that is equal to the product of gm 2 
and the differential (Ijip -Irinq) loop current. If Iqk loss 
than the internal current source (I 1 ), then diode D-^ is on and 
the output of the ground key comparator is low. If Iqk is 
greater than the internal current source (I 1 ), then diode D 2 is 
on and the output of the ground key comparator is high. With 
the output of the ground key compar ator h igh, and the logic 
configured for ground key detect, the DET pin goes low. The 
ground key detector has a built in hysteresis of typically 5mA 
between its trigger and reset values. 
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CASE1 CASE 2 CASE 3 


Imetaluc Mlongituoinal Ilongitudinal 


Imetaluc PlongitudinalI 'longitudinal 



FIGUflE 18. LOOP CURRENT AND GROUND KEY DETECTORS 


Ring Trip Detector 

Ring trip detection is accomplished with the internal ring trip 
comparator and the external circuitry shown in Figure 19. 
The process of ring trip is initiated when the logic input pins 
are In the following states: EO = 0, El = 1/0, C1 = 1 and 
C2 = 0. This lo gic condition connects the ring trip compara¬ 
tor to the DET output, and causes the Ringriy pin to energize 
the ring relay. The ring relay connects the tip and ring of the 
phone to the external circuitry in Figure 19. When the phone 
is o n-hoo k the DT pin is more positive than the DR pin and 
the DET output is hig h. Fo r off-hook conditi ons D R is more 
positive than DT and DET goes low. When DET goes low, 
indicating that the phone has gone off-hook, the SLID is 
commanded by the logic Inputs to go Into the active state. In 
the active state, tip and ring are once again connected to the 
phone and normal operation ensues. 

Figure 19 illustrates battery backed unbalanced ring injected 
ringing. For tip injected ringing just reverse the leads to the 
phone. The ringing source could also be balanced. 

NOTE: The DET output will toggle at 20Hz because the DT input Is 
not completely filtere d by Crj- Software can examine the duty cycle 
and determine if the DET pin is low for more that half the time, if so 
the off-hook condition is indicated. 


RiJ 1 
T DT, 


n4< 

ErqI 1 


, RING TRIP 
I COMPARATOR 


Longitudinal Impedance 

The feedback loop described in Figure 20(A, B) realizes the 
desired longitudinal impedances from tip to ground and from 
ring to ground. Nominal longitudinal impedance is resistive 
and in the order of 22 Q. 

In the presence of longitudinal currents this circuit attenu¬ 
ates the voltages that would otherwise appear at the tip and 
ring terminals, to levels well within the common mode range 
of the SLIC. In fact, longitudinal currents may exceed the 
programmed DC loop current without disturbing the SLIC’s 
VF transmission capabilities. 

The function of this circuit is to maintain the tip and ring 
voltages symmetrically around Vbat^ 2 , in the presence of 
longitudinal currents. The differential transconductance 
amplifiers Gj and Gr accomplish this by sourcing or sinking 
the required current to maintain Vq at Vbat/ 2 . 

When a longitudinal current is injected onto the tip and ring 
inputs, the voltage at Vq moves from it’s equilibrium value 
Vbat/ 2. When Vq changes by the amount AVq, this change 
appears between the input terminals of the differential 
transconductance amplifiers Gj and Gr. The output of Gj 
and Gr are the differential currents Al-j and AI 2 , which in 
turn feed the differential inputs of current sources Ij and Ir 
respectively. I 7 and Ir have current gains of 250 single 
ended and 500 differentially, thus leading to a change in I 7 
and Ir that is equal to 500(A|) and 500(Al2). 

The circuit shown in Figure 20(B) illustrates the tip side of 
the longitudinal network. The advantages of a differential 
input current source are: improved noise since the noise due 
to current source 2 lo is now correlated, power savings due 
to differential current gain and minimized offset error at the 
Operational Amplifier Inputs via the two 5ki2 resistors. 


HGURE19. RING TRIP CIRCUIT FOR BATTERY BACKED RINGING 
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FIGURE 20A. FIGURE 20B. 

FIGURE 20. LONGITUDINAL IMPEDANCE NETWORK 


Digital Logic Inputs 

Table 1 is the logic truth table for the TTL compatible logic 
input pins. The HC5513 has two enable inputs pins (EO, E1) 
and two control inputs pins (C1, C2). 

The enable pin E O is used to enable or disable the DET out¬ 
put pin. The DET pin is enabled if EO is at a logic level 0 and 
disabled if EO is at a logic levei 1. 

The enable pin E1 gates the ground key detector to the DET 
output with a l ogic level 0, and gates the loop or ring trip 
detector to the DET output with a logic level 1. 

A combination of the control pins C1 and C2 is used to 
select 1 of the 4 possible operating states. A description of 
each operating state and the control logic follow: 

Open Circuit State (Cl = 0, C2 = 0) 

in this state the SLIC is effectively off. Ail detectors and both 
the tip and ring line drive amplifiers are powered down, pre¬ 
senting a high impedance to the line. Power dissipation is at 
a minimum. 

Active State (C1 s 0, C2 = 1) 

The tip output is capable of sourcing loop current and for 
open circuit conditions is about -4V from ground. The ring 
output is capable of sinking loop current and for open circuit 
conditions is about Vbat + 4V. VF signal transmission is nor¬ 
mal. The loop current and ground key detectors are both 
activ e, EO and E1 determine which detector is gated to the 
DET output. 


Ringing State (Cl a 1, C2 = 0) 

The ring relay driver and the ring trip detector are activated. 
Both the tip and ring line drive amplifiers are powered down. 
Both tip and ring are disconnected from the line via the 
external ring relay. 

Standby State (Cl a 1, C2 a i) 

Both the tip and ring line drive amplifiers are powered down. 
Internal resistors are connected between tip to ground and 
ring to Vbat to loop current detect in an off-hook condi¬ 
tion. The loop current and ground key detectors are both 
activ e, EO and E1 determine which detector is gated to the 
DET output. 

AC Transmission Circuit Stability 

To ensure stability of the AC transmission feedback loop two 
compensation capacitors Cjq and Crc are required. 
Figure 21 (Application Circuit) illustrates their use. Recom¬ 
mended value is 2200pF. 

AC‘DC Separation Capacitor, Chp 

The high pass filter capacitor connected between pins HPT 
and HPR provides the separation between circuits sensing 
tip to ring DC conditions and circuits processing AC signals. 
A lOnf Chp will position the low end frequency response 
3dB break point at 48Hz. Where: 


'3clB = 


(2 • 71 • Rrp • 

where Rhp = 330kl^ 


(EQ. 28) 
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sue Operating States 


TABLE 1. LOGIC TRUTH TABLE 



sue OPERATING STATE 


Open Circuit 




0 Open Circuit 


Active 


0 I Ringing 


Standby 



Open Circuit 


Active 


Ringing 


Standby 



ACTIVE DETECTOR 


No Active Detector 


Ground Key Detector 


No Active Detector 


Ground Key Detector 


No Active Detector 


Loop Current Detector 


Ring Trip Detector 


Loop Current Detector 


No Active Detector 


Ground Key Detector 


No Active Detector 


Ground Key Detector 


DET OUTPUT 


Logic Level High 


Ground Key Status 


Logic Level High 


Ground Key Status 


Logic Level High 


Loop Current Status 


Ring Trip Status 


Loop Current Status 



Open Circuit 

No Active Detector 

Active 

Loop Current Detector 

Ringing 

Ring Trip Detector 

Standby 

Loop Current Detector 



Thermal Shutdown Protection 

The HC5513’s thermal shutdown protection is invoked if a 
fault condition on the tip or ring causes the temperature of 
the die to exceed 160°C. If this happens, the SLIC goes Into 
a high impedance state and will remain there until the tem¬ 
perature of the die cools down by about 20®C. The SLIC will 
return back to its normal operating mode, providing the fault 
condition has been removed. 

Surge Voltage Protection 

The HC5513 must be protected against surge voltages and 
power crosses. Refer to “Maximum Ratings” TIPX and 
RINGX terminals for maximum allowable transient tip and 
ring voltages. The protection circuit shown in Figure 20 uti¬ 
lizes diodes together with a clamping device to protect tip 
and ring against high voltage transients. 

Positive transients on tip or ring are clamped to within a 
couple of volts above ground via diodes D-j and D 2 . Under 
normal operating conditions Di and D 2 are reverse biased 
and out of the circuit. 

Negative transients on tip and ring are clamped to within a 
couple of volts below ground via diodes D 3 and D 4 with the 
help of a Surgector. The Surgector is required to block 
conduction through diodes D 3 and D 4 under normal 
operating conditions and allows negative surges to be 
returned to system ground. 


In applications where only low energy transients (<300V) are 
possible, diodes D 3 and D 4 could be connected to Vbat» 
eliminating the requirement of the Surgector. Caution should 
be used with this application. Be aware that: surge 
protection is for low level transients only and will subject the 
batteries to negative voltage surges. 

The fuse resistors (Rp) serve a dual purpose of being non¬ 
destructive power dissipaters during surge and fuses when 
the line In exposed to a power cross. 

Power-Up Sequence 

The HC5513 has no required power-up sequence. This is a 
result of the Dielectrically Isolated (DI) process used in the 
fabrication of the part. By using the DI process, care is no 
longer required to insure that the substrate be kept at the 
most negative potential as with junction isolated ICs. 

Printed Circuit Board Layout 

Care in the printed circuit board layout is essential for proper 
operation. All connections to the RSN pin should be made 
as close to the device pin as possible, to limit the interfer¬ 
ence that might be Injected into the RSN terminal. It is good 
practice to surround the RSN pin with a ground plane. 

The analog and digital grounds should be tied together at 
the device. 
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NOTES: 

2. Overload Level (Two>Wire port) - The overload level is speci¬ 
fied at the 2-wire port (Vjrq) with the signal source at the 4-wlre 
receive port (Erx)- Idcmet = 23mA, increase the amplitude of 
Erx until 1% THD is measured at Vjrq. Reference Figure 1. 

3. Longitudinal Impedance - The longitudinal impedance is 
computed using the following equations, where TIP and RING 
voltages are referenced to ground. L 2 j, L 2 r, Vj, Vr, Ar and Ap 
are defined in Figure 2. 

(TIP)LzT = VT/Ar 

(RING)Lzr = Vr/Ar 

where: El = 1 Vrms (OHz to 10OHz) 

4. Longitudinal Current Limit (Off-Hook Active) - Off-Hook (Ac¬ 
tive, Ci = 1, C 2 = 0) longitudinal current limit is determined by 
increasing the amplitude of El (Figur e 3A) until the 2-wire longi¬ 
tudinal balance drops below 45dB. DET pin remains low (no 
false detection). 

5. Longitudinal Current Limit (On-Hook Standby) - On-Hook (Ac¬ 
tive, Ci = 1, C 2 = 1) longitudinal current limit is determined by 
increasing the amplitude of El (Figure 3B) until the 2-wire longi¬ 
tudinal balance drops below 45dB. DET pin remains high (no 
false detection). 

6. Longitudinal to Metallic Balance - The longitudinal to metal¬ 
lic balance is computed using the following equation; 

BLME = 20 • log (El/Vjr), where: El and VjR are defined in 
Figure 4. 

7. Metallic to Longitudinal FCC Partes, Para 68.310 - The me¬ 
tallic to longitudinal balance is defined in this spec. 

8. Longitudinal to Four-Wire Balance - The longitudinal to 4-wlre 
balance Is computed using the following equation: 

BLFE = 20 • log (El/Vtx)>: El ®ad V-fx are defined in Figure 4. 

9. Metallic to Longitudinal Balance - The metallic to longitudinal 
balance is computed using the following equation; 

BMLE = 20 • log (Ejr/Vl), Erx = 0 

where; Ejr^ Vl and Erx are defined In Figure 5. 

10. Four-Wire to Longitudinal Balance - The 4-wire to longitudinal 
balance is computed using the following equation: 

BFLE = 20 • log (Erx/Vl), Ejr = source is removed, 
where: Erx, Vl and Ejr are defined in Figure 5. 

11. Two-Wire Return Loss - The 2-wire return loss is computed 
using the following equation: 

r = -20.log(2VM/Vs) 

where: Zq = The desired impedance; e.g., the characteristic 
impedance of the line, nominally 600C2. (Reference Figure 6). 

12. Overload Level (4-Wire port) - The overload level is specified 
at the 4-wire transmit port (Vjxo) with the signal source (Eq) at 
the 2-wire port, Idcmet = 23mA, Zl = ZOkfl (Reference Figure 
7). Increase the amplitude of Eq until 1% THD is measured at 
Vjxo- Note that the gain from the 2-wire port to the 4-wire port 
is equal to 1. 

13. Output Offset Voltage - The output offset voltage is specified 
with the following conditions: Eq = 0 , Idcmet = 23mA, Zl = «> 
and is measured at Vjx- Eq, Idcmet Vjx and Zl are defined 
in Figure 7. Note: IpCMET 's established with a series 600Q 
resistor between tip and ring. 


14. Two-Wire to Four-Wire (Metallic to Vjx) Voltage Gain - The 
2 -wire to 4-wire (metallic to Vjx) voltage gain is computed 
using the following equation. 

® 2-4 = (Vjx/Vjr), Eq = OdBmO, Vjx, Vjr, and Eq are defined 
in Figure 7. 

15. Current Gain RSN to Metallic - The current gain RSN to 
Metallic is computed using the following equation: 

K = Im [(RdCI + RdC 2 )/(Vrdc - Vrsn)] K, Im, RdCI. RdC 2 . 
Vrdc and Vrsn are defined in Figure 8 . 

16. Two-Wire to Four-Wire Frequency Response - The 2-wire to 

4-wire frequency response is measured with respect to 

Eq = OdBm at 1 .OkHz, Erx = OV, IpcMET = 23mA. The frequency 
response Is computed using the following equation: 

F 2.4 = 20 • log (Vjx/Vjr), vary frequency from 300Hz to 
3.4kHz and compare to 1kHz reading. 

Vjx, Vjr, and Eq are defined in Figure 9. 

17. Four-Wire to Two-Wire Frequency Response - The 4-wire to 

2-wire frequency response Is measured with respect to 

Erx = OdBm at 1 .OkHz, Eq = OV, Idcmet = 23mA. The frequency 
response is computed using the following equation: 

F 4.2 = 20 • log (Vjr/Erx), vary frequency from 300Hz to 
3.4kHz and compare to 1kHz reading. 

Vjr and Erx are defined in Figure 9. 

18. Four-Wire to Four-Wire Frequency Response - The 4-wire 
to 4-wire frequency response is measured with respect to 
Erx = OdBm at 1 .OkHz, Eq = OV, IpcMET = 23mA. The frequency 
response is computed using the following equation: 

F 4.4 = 20 • log (Vjx/Erx), vary frequency from 300Hz to 
3.4kHz and compare to 1kHz reading. 

Vjx and Erx are defined in Figure 9. 

19. Two-Wire to Four-Wire Insertion Loss - The 2-wire to 4-wire 
insertion loss is measured with respect to Eq = OdBm at 1 .OkHz 
input signal, Erx = 0, Iqcmet = 23mA and is computed using 
the following equation: 

L 2-4 = 20.log (Vjx/Vjr) 

where: Vjx, Vjr, and Eq are defined in Figure 9. (Note; The 
fuse resistors, Rr, impact the insertion loss. The specified 
insertion loss is for Rr = 0). 

20. Four-Wire to Two-Wire Insertion Loss - The 4-wire to 2-wire 
Insertion loss is measured based upon Erx = OdBm, 1 .OkHz 
input signal, Eq = 0 , Iqcmet = 23mA and is computed using 
the following equation: 

L 4.2 = 20 • log (Vjr/Erx) 

where: Vjr and Erx are defined in Figure 9. 

21. Two-Wire to Four-Wire Gain Tracking - The 2-wire to 4-wlre 
gain tracking Is referenced to measurements taken for 
Eq = -lOdBm, 1 .OkHz signal, Erx = 0, IpcMET = 23mA and is 
computed using the following equation. 

G 2-4 = 20 • log (Vjx/Vjr) vary amplitude -40dBm to +3dBm, or 
-55dBm to -40dBm and compare to -lOdBm reading. 

Vjx and Vjr are defined in Figure 9. 

22. Four-Wire to Two-Wire Gain Tracking - The 4-wire to 2-wire 
gain tracking is referenced to measurements taken for 
Erx = -1 OdBm, 1.0kHz signal, Eq = 0, IpcMET = 23mA and is 
computed using the following equation: 

G 4.2 = 20 • log (Vjr/Erx) vary amplitude -40dBm to +3dBm, 
or -55dBm to -40dBm and compare to -lOdBm reading. 

Vjr and Erx are defined in Figure 9. The level is specified at the 
4-wire receive port and referenced to a 600Q impedance level. 
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23. Two-Wire Idle Channel Noise - The 2-wire idle channel noise 
at Vtr is specified with the 2-wire port terminated in 600Q (Rl) 
and with the 4-wire receive port grounded (Reference Figure 10). 

24. Four-Wire Idle Channel Noise - The 4-wire idle channel noise 
at Vjx is specified with the 2-wlre port terminated In 600£2 (Rl). 
The noise specification is with respect to a 600n impedance 
level at Vjx- The 4-wire receive port is grounded (Reference 
Figure 10). 

25. Harmonic Distortion (2-Wire to 4-Wire) - The harmonic dis¬ 
tortion is measured with the following conditions. Eq = OdBm at 
1 kHz, Idcmet = 23mA. Measurement taken at Vjx- (Reference 
Figure 7). 

26. Harmonic Distortion (4-Wire to 2-Wire) - The harmonic dis¬ 
tortion is measured with the following conditions. Erx = OdBmO. 
Vary frequency between 300Hz and 3.4kHz, Idcmet = 23mA. 
Measurement taken at Vjr. (Reference Figure 9). 


27. Constant Loop Current - The constant loop current Is calcu¬ 
lated using the following equation: 

II = 2500 / (RdCI + RdC2) 

28. Standby State Loop Current - The standby state loop current 
is calculated using the following equation: 

II = [IVbatI ■ 3] / [Rl +1800], Ta = 25 OC 

29. Ground Key Detector - (T RIGGER) Increase the input current 
to 8mA and verify that DET goes low. 

(RESET) Decre ase the input current from 17mA to 3mA and 
verify that DET goes high. 

(Hysteresis) Compare difference between trigger and reset. 

30. Power Supply Rejection Ratio - Inject a lOOmVRMS signal 
(50Hz to 4kHz) on Vbat» ^cc '^EE supplies. PSRR is com¬ 
puted using the following equation: 

PSRR = 20 • log (Vjx/Vin). Vjx and V|n are defined in Figure 12. 


Pin Descriptions 


PLCC 

PDIP 

SYMBOL 

DESCRIPTION 

1 


RINGsenSE 

Internally connected to output of RING power amplifier. 

2 

■ 

BOND 

Battery Ground - To be connected to zero potential. All loop current and longitudinal current flow from this 
ground. Internally separate from AGND but it is recommended that it is connected to the same potential as 
AGND. 

4 

8 

Vcc 

5V power supply. 

5 

9 

RINGRLY 

Ring relay driver output. 

6 

10 

Vbat 

Battery supply voltage, -24V to -56V. 

7 

11 

Rsg 

Saturation guard programming resistor pin. 

8 

12 

El 

TTL compatible logic input. The logic state of El in conjunction with the logic state of Cl determines which 
detector is gated to the DET output. 

9 

13 

EO 

TTL compatible logic input. Enables the DET output when set to logic level zero and disables DET output 
when set to a logic level one. 

11 

14 

DET 

Detector output. TTL compatible logic output. A zero logic level indicates that the selected detector was trig¬ 
gered (see Truth Table for selection of Ground Key detector. Loop Current detector or the Ring Trip detector). 
The DET output is an open collector with an Internal pull-up of approximately 15kfl to Vcc- 

12 

15 

C2 

TTL compatible logic input. The logic states of Cl and C2 determine the operating states (Open Circuit, Ac¬ 
tive, Ringing or Standby) of the SLIC. 

13 

16 

Cl 

TTL compatible logic input. The logic states of Cl and C2 determine the operating states (Open Circuit, Ac¬ 
tive, Ringing or Standby) of the SLIC. 

14 

17 

Rdc 

DC feed current programming resistor pin. Constant current feed is programmed by resistors Rqci ^nd 
RdC 2 connected in series from this pin to the receive summing node (RSN). The resistor junction point is 
decoupled to AGND to isolate the AC signal components. 

15 

18 

AGND 

Analog ground. 

16 

19 

RSN 

Receive Summing Node. The AC and DC current flowing into this pin establishes the metallic loop current 
that flows between tip and ring. The magnitude of the metallic loop current is 1000 times greater than the 
current into the RSN pin. The constant current programming resistors and the networks for program receive 
gain and 2-wire impedance all connect to this pin. 

18 

20 

Vee 

-5V power supply. 

19 

21 

Vtx 

Transmit audio output. This output is equivalent to the TIP to RING metallic voltage. The network for pro¬ 
gramming the 2-wire input Impedance connects between this pin and RSN. 
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Pin Descriptions (Continued) 


PLCC 

PDIP 

SYMBOL 

DESCRIPTION 

20 

22 

HPR 

RING side of AC/DC separation capacitor Chp • Chp is required to properly separate the ring AC current from 
the DC loop current. The other end of Chp Is connected to HPT. 

21 

1 

HPT 

TIP side of AC/DC separation capacitor Chp - Chp is required to properly separate the tip AC current from 
the DC loop current. The other end of Chp is connected to HPR. 

22 

2 

RD 

Loop current programming resistor. Resistor Rq sets the trigger level for the loop current detect circuit. A filter 
capacitor Cq is also connected between this pin and V^^. 

23 

3 

DT 

Input to ring trip comparator. Ring trip detection is accomplished by connecting an external network to a 
comparator In the SLIC with inputs DT and DR. 

25 

4 

DR 

Input to ring trip comparator. Ring trip detection is accomplished by connecting an external network to a 
comparator in the SLIC with Inputs DT and DR. 

26 


tiPsense 

Internally connected to output of tip power amplifier. 

27 

5 

TIPX 

Output of tip power amplifier. 

28 

6 

RINGX 

Output of ring power amplifier. 

3. 10 
17, 24 


N/C 

No internal connection. 


Pinouts 

HC5513 HC5513 

(PLCC) (PDIP) 

TOP VIEW TOP VIEW 
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Application Circuit 


■Crt <Ri 


Chp (NOTE 32) 


1 SGT06U13| 
NOTE 31 f 


RINGING 

(Vbat + WVrms) 


ICtc JCrc 


r..pj 


VbAT Rsg 


21 HPT Ui 

HPR 20 

22 RD 

Vtx 19 

23 DT 

VeeIB 

25 DR 

RSN16 

27TIPX 

AGND15 

28 RINGX 

Rdc 14 

2BGND 

Cl 13 

4Vcc 

C212 

5 RtNGRLY 

deTii 

6 Vbat 

Eo9 

7 Rsg 

El 8 


. ."/«T “ I 


Hoca C|Jc 


■CODEC/FILTER 


U1 SLIC (Subscriber Line Interface Circuit) 
HC5513 

U2 Combination CODEC/Filter e.g. 

CD22354A or Programmable CODEC/ 
Filter, e.g. SLAC 

Cdc 1.5^F,20%, 10V 
Chp lOnF, 20%, 100V (Note 2) 

Crt 0.39)iF,20%, 100 V 
CtC. Crc 2200pF, 20%, 100V 

Relay Relay, 2C Contacts, 5V Coil 
D 1 -D 4 Diode, 100V, 3A 
Surgector SGT06U13 

D 5 Diode, 1N4454 


Rpi, Rf 2 Line Resistor, 200,1% Match 
Ri,R 3 200kO, 5%, 1/4W 
R 2 910kO, 5%, 1/4W 
R 4 1.2MO,5%, 1/4W 
Rb 18.7kO,1%, 1/4W 
Rd 39kO, 5%, 1/4W 
RdCI. RdC 2 41.2kQ, 5%, 1/4W 
RpB 20.0kO, 1%, 1/4W 
RrX 280kO, 1%, 1/4W 
Rj 562kQ, 1 %, 1/4W 
Rjx 20kO, 1%, 1/4W 
Rrt 150Q,5%,2W 

Rsg Vbat=- 28 V, Rsg = 

Vbat = -48V, Rsg = 21 . 4 kO. 1 / 4 W 5 % 


NOTES: 

31. The anodes of D 3 and D 4 may be connected directly to the Vbat supply if the application is exposed to only low energy transients. For 
harsher environments it is recommended that the anodes of D 3 and D 4 be shorted to ground through a transzorb or surgector. 

32. To meet the specified 25dB 2 -wire return loss at 200Hz, Crp needs to be 20nF, 20%, 100 V. 


FIGURE 21. APPLICATION CIRCUIT 
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Features 

• Dl Monolithic High Voitage Process 

• Programmabie Current Feed (20mA to 60mA) 

• Programmabie Loop Current Detector Threshoid and 
Battery Feed Characteristics 

• Ring Trip Detection 

• Compatible with Ericsson’s PBL3860 

• Thermai Shutdown 

• On-Hook Transmission 

• Wide Battery Voitage Range (-24V to -58V) 

• Low Standby Power 

• -40^C to 85°C Ambient Temperature Range 

Applications 

• Digital Loop Carrier Systems • Pair Gain 

• Fiber-ln-The-Loop ONUs • POTS 

• Wireless Local Loop • PABX 

• Hybrid Fiber Coax 

• Related Literature 

- AN9632, Operation of the HC5523/15 Evaiuation Board 


Description 

The HC5515 is a subscriber iine interface circuit which is 
interchangeabie with Ericsson’s PBL3860 for distributed 
central office applications. Enhancements include immunity 
to circuit latch-up during hot plug and absence of false sig¬ 
naling in the presence of longitudinal currents. 

The HC5515 is fabricated in a High Voitage Dielectrically 
isolated (Di) Bipolar Process that eliminates leakage cur¬ 
rents and device latch-up problems normally associated with 
junction isolated ICs. The elimination of the leakage currents 
results In improved circuit performance for wide temperature 
extremes. The latch free benefit of the Dl process guaran¬ 
tees operation under adverse transient conditions. This pro¬ 
cess feature makes the HC5515 ideally suited for use in 
harsh outdoor environments. 

Ordering Information 


PART NUMBER 

TEMP. 
RANGE (^C) 

PACKAGE 

PKG. 

NO. 

HC5515CM 

0to70 

28 Ld PLCC 

N28.45 

HC6515CP 

0to70 

22 Ld PDIP 

E22.4 

HC5515IM 

-40 to 85 

28 Ld PLCC 

N28.45 

HC5515IP 

-40 to 85 

22 Ld PDIP 

E22.4 


SEMICONDUCTOR 


HC5515 


January 1997 


sue 

Subscriber Line interface Circuit 



CAUTiON; These devices are sensitive to electrostatic discharge. Users should follow proper 1C Handling Procedures. 
Copyright © Harris Corporation 1997 . _ . 


File Number 4235.1 
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Absolute Maximum Ratings 

Temperature, Humidity 

Storage Temperature Range.-65®C to 150°C 

Operating Temperature Range.-40®C to 110°C 

Operating Junction Temperature Range.-40°C to 150°C 

Power Supply (-40°C ^ T^ ^ 85°C) 

Supply Voltage Vcc to GND.0.5V to 7V 

Supply Voltage Vee to GND.-TV to 0.5V 

Supply Voltage Vbat to GND.-80V to 0.5V 

Ground 

Voltage between AGND and BGND.-0.3V to 0.3V 

Relay Driver 

Ring Relay Supply Voltage.OV to Vbat +75V 

Ring Relay Current.50mA 

Ring Trip Comparator 

Input Voltage . Vbat to OV 

Input Current. .... .-5mA to 5mA 

Digital Inputs, Outputs (C1, C2, EO, bET) 

Input Voltage . .... .OV to Vcc 

Output Voltage ( PET Not Active).OV to Vcc 

Output Current (DET).5mA 

TIpx and RIngx Terminals (-40°C ^ Ta ^ +85°C) 

TIpx or RIngx Voltage, Continuous (Referenced to GND)Vbat to +2V 

TIpx or RIngx, Pulse < 10ms, Trep > 10s _Vbat “20V to +5V 

TIpx or RIngx, Pulse < lOps, Trep > 10s _Vrat “^OV to +10V 

TIpx or RIngx, Pulse < 250ns, Trep > 10s ... Vrat "70V to +15V 

TIpx or RIngx Current.70mA 

ESD Rating. 500V 


Thermal Information 

Thermal Resistance (Typical, Note 1) OjA 

22 Lead PDIP Package. 53°C/W 

28 Lead PLCC Package. OS^C/W 

Continuous Power Dissipation at 70°C 

22 Lead PDIP Package.1.5W 

28 Lead PLCC Package.1.5W 

Package Power Dissipation at 70°C, t < 100ms, Irep > Is 

22 Lead PDIP Package.4W 

28 Lead PLCC Package.4W 

Derate above.70°C 

Plastic DIP.18.8mW/oc 

PLCC .18.8mW/°C 

Maximum Junction Temperature Range.-40°C to 150®C 

Maximum Storage Temeprature Range.-65°C to 150°C 

Maximum Lead Temperature.300°C 

(Soldering 10s, PLCC Lead Tips Only) 


Die Characteristics 

Gate Count. 


. 543 Transistors, 51 Diodes 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings’ may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated In the operational sections of this specification is not implied. 

NOTE: 

1. Oja Is measured with the component mounted on an evaluation PC board in free air. 


Typicai Operating Conditions 

These represent the conditions under which the part was developed and are suggested as guidelines. 


PARAMETER 


Case Temperature 


Vqc with Respect to AGND 


Vee with Respect to AGND 


Vbat with Respect to BGND 


CONDITIONS 



Eiectrical Specifications Ta = -4ooc to +85°c, Vcc = +5V ±5%, Vee = -5V ±5%, Vrat = -^v, agnd = bgnd = ov, Rdci = Rdc 2 = 

41.2kO, Rq = 33kO, Rsg = Rpl " Rf 2 “ 0^* ^HP “ lOriF, Cdq = 1.5p,F, Z]_ = 6000, Unless Otherwise 
Specified. All pin number references In the figures refer to the 28 lead PLCC package. 


PARAMETER 


Overload Level 


Longitudinal Impedance (Tip/Ring) 



CONDITIONS 


1% THD, Zl = 600a (Note 2, Figure 1) 


0 < f < 100Hz (Note 3, Figure 2) 


1VrmS 
0<f<100Hz 
El r 





LZj * Vt/A|- 


MAX 

UNITS 

- 

VpEAK 

35 

OA/VIre 


TIP 

Vtx 

27 

19 

RING 

RSN 

28 

16 


LZr^Vr^Ar 


FIGURE 1. OVERLOAD LEVEL (TWO-WIRE PORT) 


FIGURE 2. LONGITUDINAL IMPEDANCE 
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Electrical Specifications Ta = -4ooc to +85°c, Vcc = +5V ±5%, Vee= -5V ±5%, Vbat= --♦sv, agnd = bgnd = ov, Rdci = Rdc 2 = 

41.2lcQ, Rq = 33k£2, Rsq = OQ, Rpi = Rf2 “ Cup = 10nF, Cqc = 1 .S^iF, Z|_ = 600Q, Unless Otherwise 
Specified. Ail pin number references in the figures refer to the 28 lead PLCC package. (Continued) 


PARAMETER 


LONGITUDINAL CURRENT LIMIT (TIP/RING) 


Off-Hook (Active) 


On-Hook (Standby), Ri_ = <» 


CONDITIONS 


No False Detections, (Loop Current), 

LB > 45dB (Note 4, Figure 3A) 

20 

No False Detections (Loop Current) 

(Note 5, Figure 3B) 

5 



IT>Apeak/ 

Wire 


n^ApEAK/ 

Wire 


J_ 2.16) 


[tip 

RSN 

27 

16 

Rd 

RING 

Rdc 

28 

14 

Dll 



Cdc 


2.16^F::=G 


Itip 

RSN 

27 

16 

Rd 

RING 

Rdc 

28 

DIT 

14 


Cdc 


FIGURE 3A. OFF-HOOK 


FIGURE 3B. ON-HOOK 


OFF-HOOK LONGITUDINAL BALANCE 


Longitudinal to Metallic 


Longitudinal to Metallic 


Metallic to Longitudinal 


Longitudinal to 4-Wire 


Metallic to Longitudinal 


4-Wire to Longitudinal 


FIGURE 3. LONGITUDINAL CURRENT LIMIT 


IEEE 455 -1985, Rlr, Rlt = 3680 
0.2kHz < f < 4.0kHz (Note 6, Figure 4) 


Rlr, Rlt = soon, 0 . 2 kHz < f < 4.0kHz 
(Note 6, Figure 4) 


FCCPart 68, Para 68.310 
0.2kHz <f< 1.0kHz 


1.0kHz<f<4.0kHz (Note?) 


0.2kHz < f < 4.0kHz (Note 8, Figure 4) 


Rlr. Rlt = 300Q, o.2kHz < f < 4.0kHz 
(Note 9, Figure 5) 


0.2kHz < f < 4.0kHz (Note 10, Figure 5) 



2.16| 


TIP 

Vtx 

27 

19 

RING 

28 

RSN 

16 


Rt 

600kD ^TX 


2 . 16 ^F 

(v. 

± 



TIP 

Vtx 

Etr 

27 

19 

L 

RING 

RSN 


28 

16 


Rrx 

-AAAr-O— 


16 1 300kD 


FIGURE 4. LONGITUDINAL TO METALLIC AND 
LONGITUDINAL TO 4-WIRE BALANCE 


FIGURE 5. METALLIC TO LONGITUDINAL AND 4-WIRE TO 
LONGITUDINAL BALANCE 


2-Wire Return Loss 
Crp = 20nF 


0.2kHz to 0.5kHz (Note 11, Figure 6) 


0.5kHz to 1 .OkHz (Note 11, Figure 6) 


1 .OkHz to 3.4kHz (Note 11, Figure 6) 
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Electrical Specifications Ta = -4o°c to +85°c, Vcc = +5V ±5%, = -sv ±5%, Vbat = -^sv, agnd = bond = ov, Rdci = Rdc 2 = 

41 .2kn, Rd = 33kii, Rsq = OQ, Rpi = Rf2 = ^HP = ^DC = Zl = 600Q, Unless Otherwise 
Specified. All pin number references In the figures refer to the 28 lead PLCC package. (Continued) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

TIP IDLE VOLTAGE 

Active, l|_ = 0 


- 

-1.5 

• 

V 

Standby, II = 0 


- 

<0 

- 

V 

RING IDLE VOLTAGE 

Active, II = 0 


- 

-46.5 

- 

V 

Standby, II = 0 


- 

>-48 

- 

V 

TIP-RING Open Loop Metallic Voltage, Vjr 

Vbat =-52V, Rsg = o« 

43 

- 

47 

V 

4-WIRE TRANSMIT PORT (Vjx) 

Overload Level 

(Zl > 20kQ, 1% THD) (Note 12, Figure 7) 

3.1 

- 

- 

VpEAK 

Output Offset Voltage 

Eq = 0, Zl = (Note 13, Figure 7) 

-60 

- 

60 

mV 

Output Impedance (Guaranteed by Design) 

0.2kHz < f < 03.4kHz 

- 

5 

20 

Q 

2- to 4-Wire (Metallic to Vjx) Voltage Gain 

0.3kHz < f < 03.4kHz (Note 14, Figure 7) 

0.98 

1.0 

1.02 

V/V 

1 2.16iiF 




- .A. 

TIP Vtx 

27 19 


II 


TIP 

27 


- 



Vs i 

r" 

1 

vv>r-|[- 

► V„ 

pr 

t Z,N 

'4 

Rl . 

600Q: 

: Rt 
" 600kn 

Eg^ 

Rrx 

► c 

Idcmet 

^ 23mA 

VtbT 

) 

*TX 

19 

RSN 

16 

: 

•X vtxo : 
Vtx - 

Rrx 



R 

LR 

28 16 


1 

300kfll-=tr 


28 


300kfl 


FIGURE 6. TWO-WIRE RETURN LOSS FIGURE 7. OVERLOAD LEVEL (4-WIRE TRANSMIT PORT), 

OUTPUT OFFSET VOLTAGE, 2-WIRE TO 4-WIRE 
VOLTAGE GAIN AND HARMONIC DISTORTION 

4-WIRE RECEIVE PORT (RSN) 

DC Voltage 

Irsn = OfTlA 

- 

0 

- 

V 

Rx Sum Node Impedance (Gtd by Design) 

0.2kHz < f < 3.4kHz 

- 

- 

20 

Q 

Current Gain-RSN to Metallic 

0.3kHz < f < 3.4kHz (Note 15, Figure 8) 

900 

1000 

1100 

Ratio 

FREQUENCY RESPONSE (OFF-HOOK) 

2-Wire to 4-Wire 

OdBm at 1.0kHz, Erx = 0V 

0.3kHz < f < 3.4kHz (Note 16, Figure 9) 

-0.2 

■ 

0.2 

dB 

4-Wire to 2-Wire 

OdBm at 1 .OkHz, Eq = OV 

0.3kHz < f < 3.4kHz (Note 17, Figure 9) 

-0.2 

- 

0.2 

dB 

4-Wire to 4-Wire 

OdBm at 1.0kHz, Eq^OV 

0.3kHz < f < 3.4kHz (Note 18, Figure 9) 

-0.2 

- 

0.2 

dB 

INSERTION LOSS 

2-Wire to 4-Wire 

OdBm, 1kHz (Note 19, Figure 9) 

-0.2 

- 

0.2 

dB 

4-Wire to 2-Wire 

OdBm, 1 kHz (Note 20, Figure 9) 

-0.2 

- 

0.2 

dB 

GAIN TRACKING (Ref = -lOdBm, at 1.0kHz) 

2-Wire to 4-Wire 

+3dBm to +7dBm (Note 21, Figure 9) 

-0.15 

- 

0.15 

dB 

2-Wire to 4-Wire 

-40dBm to +3dBm (Note 21, Figure 9) 

-0.1 

- 

0.1 

dB 
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Electrical Specifications Ta= -40°c to +85°c, Vcc=+5V ±5%, Vee = -5V ±5%, Vbat=-48V, agnd = bgnd = ov, Rdci = Rdc 2 = 

41.2kQ, Rq s= 33kQ, RsG “ ^F1 ~ ^F2 “ ^HP “ ^^DC “ ^ .SuF, — 600Q, UniGSS Othsrwis© 

Specified. All pin number references in the figures refer to the 28 lead PLCC package. (Continued) 



FIGURE 8. CURRENT GAIN-RSN TO METALLIC FIGURE 9. FREQUENCY RESPONSE, INSERTION LOSS, 

GAIN TRACKING AND HARMONIC DISTORTION 


NOISE 


Idle Channel Noise at 2‘»Wire 

C-Message Weighting (Note 23, Figure 10) 

- 

8.5 

- 

dBrnC 


Psophometrical Weighting 
(Note 23, Figure 10) 

- 

-81.6 

- 

dBmp 

Idle Channel Noise at 4-Wire 

C-Message Weighting (Note 24, Figure 10) 

• 

8.5 

- 

dBrnC 


Psophometrical Weighting 
(Note 23, Figure 10) 

■ 

-81.5 


dBmp 


HARMONIC DISTORTION 


2-Wire to 4-Wire 

OdBm, 1kHz (Note 25, Figure 7) 

- 

-65 

-54 

dB 

4-Wlre to 2-Wire 

OdBm, 0.3kHz to 3.4kHz (Note 26, Rgure 9) 

- 

-65 

-54 

dB 


BATTERY FEED CHARACTERISTICS 


Constant Loop Current Tolerance 

RDCX = 41.2kQ 

II = 2500/(Rdci + RdC2)» 

-40OC to 850C (Note 27) 

0.85Il 

1l 

1.15Il 

mA 

Loop Current Tolerance (Standby) 

Il=(VbAT-3)/(Rl+1800), 

-40OCto85OC (Note 28) 

0.75Il 

II 

1.25Il 

mA 

Open Circuit Voltage (Vjip - Vrinq) 

-40°C to 85°C, (Active) Rsg * 

14 

16.67 

20 

V 


LOOP CURRENT DETECTOR 


On-Hook to Off-Hook 

RD = 33kQ, -40OCto85OC 

11 

465/Rd 

17.2 

mA 

Off-Hook to On-Hook 

RD = 33kQ, -40®Cto85®C 

9.5 

405/Rd 

15.0 

mA 

Loop Current Hysteresis 

RD = 33kQ, -40°Cto85°C 

- 

60/Rd 

- 

mA 
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Electrical Specifications Ta = -40°c to +85®c, Vcc=+5V ± 5 %, Vee=-5V ±5%, Vbat = ■48V, agnd=bgnd = ov, Rpci = Rocz = 

41.2kQ, Rq = 33kQ, R 5 Q = OQ, Rp-j = Rp 2 = OQ, Cup = lOnF, Cqq = 1.5^.F, Z\_ = 600Q, Unless Otherwise 
Specified. All pin number references in the figures refer to the 28 lead PLCC package. (Continued) 


PARAMETER 

CONDITIONS 


TYP 

MAX 

UNITS 






TIP 

L_^__ 


Rl. 

soon: 

: Vtr 

iir vfx 

27 19 

RING RSN 

28 16 

4 

< 

< 

:Rt 

eookn 

Rrx ' 

Vtx 



300kO ^ 

FIGURE 10. IDLE CHANNEL NOISE 

RING TRIP DETECTOR (DT, DR) 

Offset Voltage 

Source Res = 0 

-20 

- 

20 

mV 

Input Bias Current 

Source Res = 0 

-360 

- 

360 

nA 

Input Common-Mode Range 

Source Res = 0 

Vbat +1 

- 

0 

V 

Input Resistance 

Source Res = 0, Unbalanced 

1 

- 

- 

MQ 

Source Res = 0, Balanced 

3 


- 

MQ 

RING RELAY DRIVER 

VsAT 25mA 

Iql = 25mA 

- 

0.2 

0.6 

V 

Off-State Leakage Current 

Voh = 12V 

- 

- 

10 

^A 

DIGITAL INPUTS (EO, Cl, C2) 

Input Low Voltage, V|l 


0 

- 

0.8 

V 

Input High Voltage, V|h 


2 

- 

Vcc 

V 

Input Low Current, l|[,: Cl, C2 

V|l = 0.4V 

-200 

" 

- 

pA 

Input Low Current, l||_: EO 

V|l==0.4V 

-100 

- 

- 

pA 

Input High Current 

V|H = 2.4V 

- 

- 

40 

pA 

DETECTOR OUTPUT (DET) 

Output Low Voltage, Vql 

Iql = 2mA 

- 

- 

0.45 

V 

Output High Voltage, Vqh 

Iqh ” lOOjXA 

2.7 

- 

- 

V 

Internal Pull-Up Resistor 


8 

15 

25 

kQ 

POWER DISSIPATION (Vbat = -^^V) 

Open Circuit State 

0 

li 

CM 

0 

II 

0 

- 

26.3 

70 

mW 

On-Hook, Standby 

0 

II 

0 


37.5 

85 

mW 

On-Hook, Active 

Cl = 0, C2 = 1, Rl = High Impedance 

- 

110 

300 

mW 


Off-Hook, Active | Cl =0, C2 = 1. RL = 600n - 1.1 | 1.4 W 

TEMPERATURE GUARD 


Thermal Shutdown 


150 


180 






































































































HC551S 


Electrical Specifications Ta =-40°c to +85'’c, Vcc=+5V ±5%, v^e = -sv ±5%, Vbat = -48V, agnd=bond = ov, Rdci = Rocz = 

41.2kQ, Rq = 33ki[2, Rsq = OQ, Rp-| = Rp2 = Chp = 10nF, Cqq = 1 .SjaF, Zl = 600£2, Unless Otherwise 
Specified. Mi pin number references in the figures refer to the 28 lead PLCC package. (Continued) 


PARAMETER 


SUPPLY CURRENTS (Vbat » ‘^SV) 


CONDITIONS 


Open Circuit State (Cl, 2 =: 0, 0) 

On-Hook 

•cc 

•ee 


•bat 

StandbyState(C1,2 = 1,1) 

On-Hook 

•cc 

•ee 


•bat 

Active State (Cl, 2 = 0,1) 

On-Hook 

•cc 

•ee 


•bat 


Vqq to 2 or 4-Wire Port 

(Note 29, Figure 11) 

Vee to 2 or 4-Wlre Port 

(Note 29, Figure 11) 

Vbat to 2 or 4-Wire Port 

(Note 29, Figure 11) 


-48V SUPPLY 
+5V SUPPLY O-^- 
-5V SUPPLY 


lOOmVRMSr 50Hz TO 4kHz 



TIP Vjx 0 

A PSRR=*20log(VTx/V|N) 

f 

> eooko Vjx 


Rrx 

RING RSN ...i — 

28 16 SOOkO 


FIGURE 11. POWER SUPPLY REJECTION RATIO 


Circuit Operation and Design Information 


The HC5515 is a current feed voltage sense Subscriber Line 
Interface Circuit (SLIC). This means that for short loop 
applications the SLIC provides a programed constant 
current to the tip and ring terminals while sensing the tip to 
ring voltage. 

The following discussion separates the SLIC’s operation into 
its DC and AC path, then follows up with additional circuit 
and design information. 


Constant Loop Current (DC) Path 

SLIC in the Active Mode 

The DC path establishes a constant loop current that flows 
out of tip and Into the ring terminal. The loop current is pro¬ 
grammed by resistors Rqqi , Rdc 2 voltage on the 

Rdc P‘R (Figure 12). The Rqc voltage is determined by the 
voltage across Ri in the saturation guard circuit. Under con¬ 
stant current feed conditions, the voltage drop across R-| 
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FIGURE 12. DC LOOP CURRENT 


sets the Roc voltage to -2.5V. This occurs when current 
flows through Ri Into the current source I 2 . The Rqq voltage 
establishes a current (Irsn) 'hat is equal to Vrdc/('^DC1 
+Rdc2 )- This current is then multiplied by 1000, in the loop 
current circuit, to become the tip and ring loop currents. 

For the purpose of the following discussion, the saturation 
guard voltage is defined as the maximum tip to ring voltage 
at which the SLIC can provide a constant current for a given 
battery and overhead voltage. 

For loop resistances that result in a tip to ring voltage less 
than the saturation guard voltage the loop current is defined 
as: 

Il = r -xiooo (EQ.1) 

”dC1 +”dC2 

where: II = Constant loop current. 

Rdci ^i^cI Rdc2 = Loop current programming resistors. 

Capacitor Cpc between Rpci and Rdc2 removes the VF 
signals from the battery feed control loop. The value of Cqc 
is determined by Equation 2: 




where T = 30ms 

NOTE: The minimum Cqc value is obtained If Rdci = RdC2 

Figure 13 illustrates the relationship between the tip to ring 
voltage and the loop resistance. For a Oil loop resistance 
both tip and ring are at V0 aj/2. As the loop resistance 
increases, so does the voltage differential between tip and 
ring. When this differential voltage becomes equal to the sat¬ 
uration guard voltage, the operation of the SLIC’s loop feed 
changes from a constant current feed to a resistive feed. The 
loop current in the resistive feed region is no longer constant 
but varies as a function of the loop resistance. 


y/SAJ ~ “48V, II * 23mA, Rsg ~ 4.0kQ 


SATURATION - 
GUARD VOLTAGE 


CONSTANT CURRENT 
FEED REGION 


RESISTIVE FEED 
REGION 


SATURATION ^ .. ■■■■J 

J GUARD VOLTAGE— t _, .1._j Vr,NO 

0 1.2K «> 

LOOP RESISTANCE (Q) 

FIGURE 13. VtrvsRl 

Figure 14 shows the relationship between the saturation guard 
voltage, the loop current and the loop resistance. Notice from 
Figure 14 that for a loop resistance <1.2kQ (Rsg = 4.0kQ) the 
SLIC is operating in the constant current feed region and for 
resistances >1.2kQ the SLIC is operating in the resistive feed 
region. Operation in the resistive feed region allows long loop 
and off-hook transmission by keeping the tip and ring voltages off 
the rails. Operation in this region is transparent to the customer. 


CURRENT 

ON 

IN GUARD 
(tr » 38V 



SATURATION GUARD 
VOLTAGE, Vtr »13V 


10 20 30 

LOOP CURRENT (mA) 


<i.2kn Rsg * 4.0kn 
<4000 RgQ s oofli 


FIGURE 14. Vtr vs II and Rl 
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The Saturation Guard circuit (Figure 12) monitors the tip to 
ring voltage via the transconductance amplifier A-j. A-j gen¬ 
erates a current that is proportional to the tip to ring voltage 
difference. Ii is internally set to sink ail of A-i’s current until 
the tip to ring voltage exceeds 12.5V. When the tip to ring 
voltage exceeds 12.5V (with no Rsg •'©sistor) Ai supplies 
more current than l-j can sink. When this happens A 2 ampli¬ 
fies Its input current by a factor of 12 and the current through 
Rl becomes the difference between I 2 and the output cur¬ 
rent from A 2 . As the current from A 2 increases, the voltage 
across Ri decreases and the output voltage on Rqc 
decreases. This results in a corresponding decrease in the 
loop current. The Rsg provides the ability to increase the 
saturation guard reference voltage beyond 12.5V. Equation 3 
gives the relationship between the Rsg resistor value and 
the programmable saturation guard reference voltage: 


12.5 + 


5«10 


where: 


Rsg+ 17300 


Vsgref = Saturation Guard reference voltage. 

Rsg = Saturation Guard programming resistor. 

When the Saturation guard reference voltage is exceeded, 
the tip to ring voltage is calculated using Equation 4: 


''TR 


R, X 


16.66 + 5 • 10V(Rsg + 17300) 
Rl (^DC1 


where: 

VjR = Voltage differential between tip and ring. 

Rl = Loop resistance. 

For on-hook transmission Rl = «>, Equation 4 reduces to: 

n5 


Vtr = 16.66 + ^ 


5*10" 


SG 


-17300 


For on-hook transmission Rl = Equation 6 reduces to: 


^SG 




5*10" 


-17300 


(EQ. 7) 


SL(C in the Standby Mode 

Overall system power is saved by configuring the SLIC in the 
standby state when not in use. In the standby state the tip 
and ring amplifiers are disabled and internal resistors are 
connected between tip to ground and ring to Vb^j. This con¬ 
nection enables a loop current to flow when the phone goes 
off-hook. The loop current detector then detects this current 
and the SLIC is configured in the active mode for voice 
transmission. The loop current in standby state is calculated 
as follows: 


-3V 


(EQ.3) 'l“r +I800a 


(EQ. 8) 


where: 

II = Loop current in the standby state. 
Rl = Loop resistance. 

Vbat = Battery voltage. 


(EQ. 4) (AC) Transmission Path 
SLIC in the Active Mode 

Figure 15 shows a simplified AC transmission model. Circuit 


analysis yields the following design equations: 

Vtr = Vty + Im* 2 R 


TX’^'M” 


(EQ. 5) 


‘-RX 


'M 

1000 


(EQ. 9) 
(EQ. 10) 
(EQ.11) 


The value of should be calculated to allow maximum 
loop length operation. This requires that the saturation guard 
reference voltage be set as high as possible without clipping 
the incoming or outgoing VF signal. A voltage margin of -4V 
on tip and -4V on ring, for a total of -8V margin, is recom¬ 
mended as a general guideline. The value of Rsg is calcu¬ 
lated using Equation 6: 



5 •10® 

17300 

^l^'eATh^MAR^^ 


|- 16.66 V 

[ SOORl 


(EQ. 6) 

where: 

Vbat = Battery voltage. 

Vmar = Voltage Margin. Recommended value of -8V to 
allow a maximum overload level of 3.1 V peak. 


where: 

VjR = Is the AC metallic voltage between tip and ring, 
including the voltage drop across the fuse resistors Rp- 

Vjx = Is the AC metallic voltage. Either at the ground refer¬ 
enced 4-wire side or the SLIC tip and ring terminals. 

Im = Is the AC metallic current. 

Rp = Is a fuse resistor. 

Zj = Is used to set the SLIC’s 2-wire impedance. 

Vrx = Is the analog ground referenced receive signal. 

Zrx = Is used to set the 4-wire to 2-wire gain. 

Eq = Is the AC open circuit voltage. 

Zl = Is the line impedance. 





HC5515 



FIGURE 15. SIMPLIFIED AC TRANSMISSION CIRCUIT 


(AC) 2-Wire Impedance (AC) 2-Wire to 4-Wire Gain 

The AC 2-wire impedance (Zjr) is the impedance looking The 2-wire to 4-wire gain is equal to Vjx/ Vjr 

into the SLIC, including the fuse resistors, and is calculated ^ ^ w 

as follows: From Equations 9 and 10 with Vrx = 0 


From Equations 9 and 10 with Vrx = 0 


Let Vrx = 0- Then from Equation 10 


Vjx ^-|-/1UUU 

Zt/1000 + 2Rp 


ZjR is defined as: 


Substituting in Equation 9 for Vjr 


Substituting in Equation 12 for Vjx 


(AC) 4-Wire to 2-Wire Gain 

The 4-wire to 2-wlre gain is equal to VtrA/rx 
F rom Equations 9,10 and 11 with Eq = 0 


For applications where the 2-wlre impedance (Zjr, 
Equation 15) is chosen to equal the line impedance (ZJ, the 
expression for A 4.2 simplifies to: 


1000 ^ 


Therefore 


Zj = 1000* (Zjr -2Rp) 


(AC) 4-Wire to 4-Wire Gain 

The 4-wlre to 4-wire gain is equal to Vjx/Vrx 
F rom Equations 9,10 and 11 with Eq = 0 


Equation 16 can now be used to match the SLIC’s imped¬ 
ance to any known line Impedance (Zxr). 

Example: 

Calculate Zj to make Zjr = 600Q in series with 2.16pF. 
Rp = 20a 


j(D* 2.16* 10" 


Zj = 560ki2 In series with 2.16nF 


(EQ. 20) 


Transhybrid Circuit 

The purpose of the transhybrid circuit is to remove the 
receive signal (Vrx) from the transmit signal (Vjx), thereby 
preventing an echo on the transmit side. This is 
accomplished by using an external op amp (usually part of 
the CODEC) and by the inversion of the signal from the 
4-wire receive port (RSN) to the 4-wire transmit port (Vjx). 
Figure 16 shows the transhybrid circuit. The input signal will 
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be subtracted from the output signal if li equals I 2 . Node 
analysis yields the following equation; 


The value of Zb is then 


• ST 


Where Vrx/Vjx equals 1/ A 4.4 
Therefore 


ZB=RTX*i 


Example: 


2rx 


Given: Rjx = 20kU Zrx = 280ki2, Zj = 562kQ (standard 
value), Rp = 20Q and Z = 600Q 

The value of Zb = 18.7kQ 


I 2 . Node Cases 2 and 3 illustrate the longitudinal loop current. The 
definition of a longitudinal loop current Is a common mode 
current, that flows either out of or into tip and ring 
(EQ. 21 ) simultaneously. Longitudinal currents In the on-hook state 
result In equal currents flowing through the sense resistors 
R-j and R 2 (Figure 17). And longitudinal currents in the off- 
hook state result in unequal currents flowing through the 
sense resistors Ri and R 2 . Notice that for case 2, 
(EQ. 22 ) longitudinal currents flowing away from the SLIC, the current 
through R-j is the metallic loop current plus the longitudinal 
current; whereas the current through R 2 is the metallic loop 
current minus the longitudinal current. Longitudinal currents 
are generated when the phone line is influenced by 
magnetic fields (e.g. power lines). 

(EQ. 23) Loop Current Detector 

Figure 17 shows a simplified schematic of the loop current 
detector. The loop current detector works by sensing the 
metallic current flowing through resistors Ri and R 2 . This 
standard •'©suits in a current (Ird) out of the transconductance ampli¬ 
fier (gm-i) that is equal to the product of gm-i and the metallic 
loop current. Irq then flows out the Rp pin and through 
resistor Rq to Vee- The value of Ird is equal to: 



CODEC/ 

FILTER 


FIGURE 16. TRANSHYBRID CIRCUIT 

Supervisory Functions 

The loop current and the ring trip detect or ou tputs are multi¬ 
plexed to a single logic output pin called DET. See Table 1 to 
determine the active detector for a given logic input. For fur¬ 
ther discussion of the logic circuitry see section titled “Digital 
Logic Inputs”. 

Before proceeding with an explanation of the loop current 
detector and the longitudinal impedance, it is important to 
understand the difference between a “metallic” and “longitudi¬ 
nal” loop currents. Figure 17 illustrates 3 different types of 
loop current encountered. 

Case 1 illustrates the metallic loop current. The definition of 
a metallic loop current is when equal currents flow out of tip 
and into ring. Loop current is a metallic current. 


The Ird current results in a voltage drop across Rd that is 
compared to an internal 1.25V reference voltage. When the 
voltage drop across Rd exceeds 1.2 5V, an d the logic is con¬ 
figured for loop current detection, the DET pin goes low. 

The hysteresis resistor Rr adds an additional voltage effec¬ 
tively across Rd, causing the on-hook to off-hook threshold 
to be slightly higher than the off-hook to on-hook threshold. 

Taking Into account the hysteresis voltage, the typical value 
of Rd for the on-hook to off-hook condition is: 

Rd = i-- (EQ- 25) 

'on-HOOK to OFF-HOOK 

Taking into account the hysteresis voltage, the typical value 
of Rd for the off-hook to on-hook condition Is: 

Rd = i- — - (EQ. 26) 

'OFF-HOOK to ON-HOOK 

A filter capacitor (Cd) in parallel with Rd will improve the 
accuracy of the trip point In a noisy environment. The value 
of this capacitor is calculated using the following Equation: 

= ^ (EQ.27) 

where: T = 0.5ms 

Ring Trip Detector 

Ring trip detection is accomplished with the Internal ring trip 
comparator and the external circuitry shown in Figure 18. 
The process of ring trip is Initiated when the logic input pins 
are In the following states: EO = 0, Cl = 1 and C2 = 0. This 
logic condition connects the ring trip comparator to the DET 
output, and causes the Ringriy pin to energize the ring relay. 
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CASE 1 CASE 2 CASE 3 
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-4 
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FIGURE 17. LOOP CURRENT DETECTOR 


The ring relay connects the tip and ring of the phone to the 
external circuitry in Figure 18. When the phone is on-h ook 
the DT pin is more positive than the DR pin and the DET out¬ 
put is high. For off-hook conditions DR is more positive than 
DT and DET goes low. When DET goes low, indicating that 
the phone has gone off-hook, the SLID is commanded by the 
logic inputs to go into the active state. In the active state, tip 
and ring are once again connected to the phone and normal 
operation ensues. 

Figure 18 illustrates battery backed unbalanced ring injected 
ringing. For tip injected ringing just reverse the leads to the 
phone. The ringing source could also be balanced. 

NOTE: The DET output will toggle at 20Hz because the DT input is 
not completely filtere d by Crj- Software can examine the duty cycle 
and determine if the DET pin is low for more that half the time, if so 
the off-hook condition Is indicated. 


Crt= 

: Ri:: 

" DT 

Y .. 

R4; 

DR 

t " 2 :' 

Erg 

Lbat 


RING TRIP 
COMPARATOR 


FIGURE 18. RING TRIP CIRCUIT FOR BATTERY BACKED 
RINGING 


Longitudinal Impedance 

The feedback loop described in Figure 19(A, B) realizes the 
desired longitudinal impedances from tip to ground and from 
ring to ground. Nominal longitudinal impedance is resistive 
and in the order of 22Q. 

in the presence of longitudinal currents this circuit attenu¬ 
ates the voltages that would othenA^ise appear at the tip and 
ring terminals, to levels well within the common mode range 
of the SLIC. In fact, longitudinal currents may exceed the 
programmed DC loop current without disturbing the SLIC’s 
VF transmission capabilities. 

The function of this circuit is to maintain the tip and ring 
voltages symmetrically around Vbaj/2 , in the presence of 
longitudinal currents. The differential transconductance 
amplifiers Gj and Gr accomplish this by sourcing or sinking 
the required current to maintain Vq at Vbat/2 . 

When a longitudinal current is injected onto the tip and ring 
inputs, the voltage at VC moves from it’s equilibrium value 
VBAT/2. When VC changes by the amount DVC, this change 
appears between the input terminals of the differential 
transconductance amplifiers GT and GR. The output of GT 
and GR are the differential currents DM and DI2, which in 
turn feed the differential inputs of current sources IT and IR 
respectively. IT and IR have current gains of 250 single 
ended and 500 differentially, thus leading to a change in IT 
and IR that is equal to 500(DI) and 500(DI2). 

The circuit shown in Figure 19(B) illustrates the tip side of 
the longitudinal network. The advantages of a differential 
input current source are: improved noise since the noise due 
to current source 2io is now correlated, power savings due 
to differential current gain and minimized offset error at the 
Operational Amplifier inputs via the two 5kQ resistors. 
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Digital Logic Inputs 

Table 1 is the logic truth table for the TTL compatible logic 
input pins. The HC5515 has an enable input pin (EO) and 
two control inputs pins (C1, C2). 

The enable pin E O Is used to enable or disable the DET out¬ 
put pin. The DET pin is enabled if EO is at a logic level 0 and 
disabled if EO is at a logic level 1. 

A combination of the control pins C1 and C2 is used to 
select 1 of the 4 possible operating states. A description of 
each operating state and the control logic follow: 

Open Circuit State (Cl = 0, C2 s 0) 

In this state the SLIC is effectively off. All detectors and both the 
tip and ring line drive amplifiers are powered down, presenting a 
high impedance to the line. Power dissipation is at a minimum. 

Active State (C1 = 0, C2 = 1) 

The tip output is capable of sourcing loop current and for 
open circuit conditions is about -4V from ground. The ring 
output is capable of sinking loop current and for open circuit 
conditions Is about Vbat +4V. VF signal transmission is nor¬ 


mal. The loop current d etect or is active, EO determines if the 
detector is gated to the DET output. 

Ringing State (Cl = 1, C2 = 0) 

The ring relay driver and the ring trip detector are activated. 
Both the tip and ring line drive amplifiers are powered down. 
Both tip and ring are disconnected from the line via the 
external ring relay. 

Standby State (C1 s 1, C2 = 1) 

Both the tip and ring line drive amplifiers are powered down. 
Internal resistors are connected between tip to ground and 
ring to Vbat loop current detect In an off-hook condi¬ 

tion. The loop current and ground key detectors are both 
active, EO determines if the detector is gated to the DET out¬ 
put. 

AC Transmission Circuit Stability 

To ensure stability of the AC transmission feedback loop two 
compensation capacitors Cjc and Crc ai”® required. 
Figure 20 (Application Circuit) illustrates their use. Recom¬ 
mended value is 2200pF. 


sue Operating States 


TABLE 1. LOGIC TRUTH TABLE 


sue OPERATING STATE 

Open Circuit 
Active 

Ringing _ 

Standby 


ACTIVE DETECTOR 
No Active Detector 
Loop Current Detector 
Ring Trip Detector 
Loop Current Detector 


DET OUTPUT 

Logic Level High 
Loop Current Status 
Ring Trip Status 
Loop Current Status 


0 Open Circuit 

1 Active 

0 Ringing 

1 Standby 


No Active Detector 
Loop Current Detector 
Ring Trip Detector 
Loop Current Detector 


Logic Level High 


TIP CURRENT SOURCE 
WITH DIFFERENTIAL INPUTS 
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AC-DC Separation Capacitor, C^p 

The high pass filter capacitor connected between pins HPT 
and HPR provides the separation between circuits sensing 
tip to ring DC conditions and circuits processing AC signals. 
A 10nf Chp will position the low end frequency response 
3dB break point at 48Hz. Where: 

=_ ] _ (EQ. 28) 

3dB (2«7 C«Rhp*Chp) 

where Rhp = 330kQ 

Thermal Shutdown Protection 

The HC5515’s thermal shutdown protection is invoked if a 
fault condition on the tip or ring causes the temperature of 
the die to exceed 160°C. If this happens, the SLIC goes Into 
a high impedance state and will remain there until the tem¬ 
perature of the die cools down by about 20°C. The SLIC will 
return back to its normal operating mode, providing the fault 
condition has been removed. 

Surge Voltage Protection 

The HC5515 must be protected against surge voltages and 
power crosses. Refer to “Maximum Ratings” TIPX and 
RINGX terminals for maximum allowable transient tip and 
ring voltages. The protection circuit shown in Figure 20 uti¬ 
lizes diodes together with a clamping device to protect tip 
and ring against high voltage transients. 

Positive transients on tip or ring are clamped to within a cou¬ 
ple of volts above ground via diodes and D 2 . Under nor¬ 
mal operating conditions Di and D 2 are reverse biased and 
out of the circuit. 

Notes 

2. Overload Level (Two-Wire port) - The overload level is specified 
at the 2-wire port (Vjrq) with the signal source at the 4-wire receive 
port (Erx)- Idcmet = 23mA, Rsg = 4ld^ increase the amplitude of 
Erx until 1% THD is measured at Vtrq. Reference Figure 1. 

3. Longitudinal Impedance - The longitudinal impedance is 
computed using the following equations, where TIP and RING 
voltages are referenced to ground. Lzr, Lzr. Vj, Vr, Ar and Af 
are defined in Figure 2. 

(TIP)LzT = VT/Ar 

(RING) Lzr = Vr/Ar 

where: El = 1Vrms (OHz to 100Hz) 

4. Longitudinal Current Limit (Off-Hook Active) - Off-Hook 
(Active, Ci = 1, C 2 = 0) longitudinal current limit is determined 
by increasing the amplitude of El (Figu re 3A) until the 2-wire 
longitudinal balance drops below 45dB. DET pin remains low 
(no false detection). 

5. Longitudinal Current Limit (On-Hook Standby) - On-Hook 
(Active, C-j = 1, C 2 = 1) longitudinal current limit is determined 
by increasing the amplitude of El (Figu re 3B ) until the 2-wire 
longitudinal balance drops below 45dB. DET pin remains high 
(no false detection). 

6. Longitudinal to Metallic Balance - The longitudinal to metal¬ 
lic balance is computed using the following equation: 


Negative transients on tip and ring are clamped to within a cou¬ 
ple of volts below ground via diodes D 3 and D 4 with the help of 
a Surgector. The Surgector is required to block conduction 
through diodes D 3 and D 4 under normal operating conditions 
and allows negative surges to be returned to system ground. 

In applications where only low energy transients (<300V) are 
possible, diodes D 3 and D 4 could be connected to Vrat 
eliminating the requirement of the Surgector. Caution should 
be used with this application. Be aware that: surge protec¬ 
tion is for low level transients only and will subject the batter¬ 
ies to negative voltage surges. 

The fuse resistors (Rp) serve a dual purpose of being non¬ 
destructive power dissipaters during surge and fuses when 
the line In exposed to a power cross. 

Power-Up Sequence 

The HC5515 has no required power-up sequence. This is a 
result of the Dielectrically Isolated (DI) process used in the 
fabrication of the part. By using the Di process, care is no 
longer required to insure that the substrate be kept at the 
most negative potential as with junction isolated iCs. 

Printed Circuit Board Layout 

Care in the printed circuit board layout is essential for proper 
operation. All connections to the RSN pin should be made 
as close to the device pin as possible, to limit the interfer¬ 
ence that might be injected into the RSN terminal. It is good 
practice to surround the RSN pin with a ground plane. 

The analog and digital grounds should be tied together at 
the device. 


BLME = 20 • log (El/Vjr), where: El and Vjr are defined In 
Figure 4. 

7. Metallic to Longitudinal FCC Partes, Para 68.310 - The 

metallic to longitudinal balance is defined in this spec. 

8. Longitudinal to Four-Wire Balance - The longitudinal to 4-wire 
balance is computed using the following equation: 

BLFE = 20 • log (El/Vjx),: El and Vjx are defined In Figure 4. 

9. Metallic to Longitudinal Balance - The metallic to longitudi¬ 
nal balance Is computed using the following equation: 

BMLE = 20 • log (Ejr/Vl), Erx = 0 

where: Ejr^ Vl and Erx are defined in Figure 5. 

10. Four-Wire to Longitudinal Balance - The 4-wire to longitudi¬ 
nal balance is computed using the following equation: 

BFLE = 20 • log (Erx/Vl), Ejr = source is removed, 
where: Erx, Vl and Ejr are defined In Figure 5. 

11. Two-Wire Return Loss - The 2-wire return loss Is computed 
using the following equation: 

r:=-20.log (2 Vm/Vs) 

where: Zq = The desired Impedance; e.g., the characteristic 
impedance of the line, nominally GOOD. (Reference Figure 6). 
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12. Overload Level (4-Wire port) ■ The overload level is specified 
at the 4-wire transmit port (Vjxo) with the signal source (Eq) at 
the 2 -wire port, Idcmet 23mA, Z[_ = 20 k^ Rsg = 4kO (Refer¬ 
ence Figure 7). Increase the amplitude of Eq until 1% THD Is 
measured at Vtxo- Note that the gain from the 2-wire port to 
the 4-wire port is equal to 1. 

13. Output Offset Voltage - The output offset voltage is specified 
with the following conditions: Eq = 0, IpcMET = 23mA, Zl = «» 
and is measured at Vjx- Eq. Idcmet Vjx Zi are defined 
in Figure 7. Note: locMET established with a series 600Q 
resistor between tip and ring. 

14. Two-Wire to Four-Wire (Metallic to Vtx) Voltage Gain - The 
2-wire to 4-wire (metallic to Vjx) voltage gain is computed 
using the following equation. 

G 2-4 = (Vtx/Vtr)i Eq =5 OdBmO, VjXi Vjr, and Eq are defined 
in Figure 7. 

15. Current Gain RSN to Metallic - The current gain RSN to 
Metallic is computed using the following equation: 

K = Im KRdCI + RdC 2 V(Vrdc - Vrsn)1 K, Im, RdC 1 . RdC 2 . 
Vrdc ai^cl Vrsn defined in Figure 8 . 

16. Two-Wire to Four-Wire Frequency Response - The 2-wire 
to 4-wire frequency response is measured with respect to 
Eq = 0dBm at 1.0kHz, Erx = OV, IpCMET ~ 23mA. The fre¬ 
quency response is computed using the following equation: 

F 2-4 = 20 • log (Vjx/Vtr), vary frequency from 300Hz to 
3.4kHz and compare to 1 kHz reading. 

Vjx. VjR, and Eq are defined in Figure 9. 

17. Four-Wire to Two-Wire Frequency Response - The 4-wire 
to 2 -wire frequency response is measured with respect to Erx 
= OdBm at 1.0kHz, Eq = OV, IpcMET = 23mA. The frequency 
response is computed using the following equation: 

F 4.2 = 20 • log (Vjr/Erx), vary frequency from 300Hz to 
3.4kHz and compare to 1 kHz reading. 

VjR and Erx are defined in Figure 9. 

18. Four-Wire to Four-Wire Frequency Response - The 4-wire 
to 4-wire frequency response is measured with respect to Erx 
= OdBm at 1.0kHz, Eq = OV, IpcMET = 23mA. The frequency 
response is computed using the following equation: 

F 4.4 = 20 • log (Vjx/Erx), vary frequency from 300Hz to 
3.4kHz and compare to 1 kHz reading. 

Vjx and Erx are defined In Figure 9. 

19. Two-Wire to Four-Wire Insertion Loss - The 2-wire to 4-wire 
insertion loss is measured with respect to Eq = OdBm at 1 .OkHz 
input signal, Erx = 0, IpCMET = 23mA and is computed using 
the following equation: 

L 2.4 = 20 • log (Vjx/Vtr) 

where: Vjx. Vjr, and Eq are defined In Figure 9. (Note: The 
fuse resistors, Rp, impact the insertion loss. The specified 
Insertion loss Is for Rp = 0). 


20. Four-Wire to Two-Wire Insertion Loss - The 4-wire to 2-wire 
insertion loss is measured based upon Erx = OdBm, 1 .OkHz 
Input signal, Eq = 0, Idcmet = 23mA and is computed using 
the following equation: 

L 4-2 = 20 • log (Vjr/Erx) 

where: Vjr and Erx are defined in Figure 9. 

21. Two-Wire to Four-Wire Gain Tracking - The 2-wlre to 4-wire 
gain tracking is referenced to measurements taken for Eq = 
-lOdBm, 1.0kHz signal, Erx = 0, Iqcmet = 23mA and is com¬ 
puted using the following equation. 

G 2.4 = 20 • log (Vjx/Vjr) vary amplitude -40dBm to +3dBm, or 
-55dBm to -40dBm and compare to -lOdBm reading. 

Vjx and Vjr are defined in Figure 9. 

22. Four-Wire to Two-Wire Gain Tracking - The 4-wire to 2-wire 
gain tracking is referenced to measurements taken for Erx = 
-lOdBm, 1.0kHz signal, Eq = 0, IpCMET = 23mA and is com¬ 
puted using the following equation: 

G 4.2 = 20 • log (Vjr/Erx) vary amplitude -40dBm to +3dBm, 
or -55dBm to -40dBm and compare to -lOdBm reading. 

Vjr and Erx are defined In Figure 9. The level Is specified at the 
4-wire receive port and referenced to a 600£2 impedance level. 

23. Two-Wire Idle Channel Noise - The 2-wire idle channel noise 
at Vjr is specified with the 2-wire port terminated In 600Q (R|_) 
and with the 4-wire receive port grounded (Reference Figure 10). 

24. Four-Wire Idle Channel Noise - The 4-wire Idle channel noise 
at Vjx is specified with the 2-wlre port terminated In 60012 (RjJ. 
The noise specification is with respect to a 60012 impedance level 
at Vjx- The 4-wlre receive port is grounded (Reference Figure 10 ). 

25. Harmonic Distortion (2-Wire to 4-Wire) - The harmonic dis¬ 
tortion is measured with the following conditions. Eq = OdBm at 
1 kHz, Idcmet = 23mA. Measurement taken at Vjx- (Reference 
Figure 7). 

26. Harmonic Distortion (4-Wire to 2-Wire) - The harmonic dis¬ 
tortion is measured with the following conditions. Erx =* OdBmO. 
Vary frequency between 300Hz and 3.4kHz, Idcmet = 23mA. 
Measurement taken at Vjr. (Reference Figure 9). 

27. Constant Loop Current - The constant loop current is calcu¬ 
lated using the following equation: 

II = 2500 / (Rdci + RdC 2 ) 

28. Standby State Loop Current - The standby state loop current 
is calculated using the following equation: 

•l = [IVbatI - 3] / [Rl +1 800 ], Ta = 25°c 

29. Power Supply Rejection Ratio - Inject a lOOmVRi^S signal 
(50Hz to 4kHz) on Vrat Vqc ®nd Vre supplies. PSRR Is com¬ 
puted using the following equation: 

PSRR = 20 • log (Vjx/Vin). Vjx and Vin are defined in Rgure 11 . 
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Pin Descriptions 


PLCC 

PDIP 

SYMBOL 

DESCRIPTION 

1 


RINGsenSE 

Internally connected to output of RING power amplifier. 

2 

7 

BGND 

Battery Ground - To be connected to zero potential. All loop current and longitudinal current flow from this ground. 
Internally separate from AGND but it is recommended that it is connected to the same potential as AGND. 

4 

8 

Vcc 

+5V power supply. 

5 

9 

RINGRLY 

Ring relay driver output. 

6 

10 

Vbat 

Battery supply voltage, -24V to -56V. 

7 

11 

Rsg 

Saturation guard programming resistor pin. 

8 

12 

NC 

This pin is used during manufacturing.This pin is to be left open for proper SLIC operation . 

9 

13 

EO 

TTL compatible logic input. Enables the DET output when set to logic level zero and disables DET output 
when set to a logic level one. 

11 

14 


Detector output. TTL compatible logic output. A zero logic level indicates that the selected detector was trig¬ 
gered (see Truth Table for selection of Ground Key detector. Loop Current detector or the Ring Trip detector). 
The DET output is an open collector with an internal pull-up of approximately 15id2 to Vqq, 

12 

15 

C2 

TTL compatible logic input. The logic states of Cl and C2 determine the operating states (Open Circuit, 
Active, Ringing or Standby) of the SLIC. 

13 

16 

Cl 

TTL compatible logic input. The logic states of Cl and C2 determine the operating states (Open Circuit, 
Active, Ringing or Standby) of the SLIC. 

14 

17 

Rdc 

DC feed current programming resistor pin. Constant current feed is programmed by resistors Rpci ^DC2 
connected in series from this pin to the receive summing node (RSN). The resistor junction point is decoupled 
to AGND to isolate the AC signal components. 

15 

18 

AGND 

Analog ground. 

16 

19 

RSN 

Receive Summing Node. The AC and DC current flowing into this pin establishes the metallic loop current 
that flows between tip and ring. The magnitude of the metallic loop current is 1000 times greater than the 
current into the RSN pin. The constant current programming resistors and the networks for program receive 
gain and 2-wire impedance all connect to this pin. 

18 

20 

< 

m 

m 

-5V power supply. 

19 

21 

Vtx 

Transmit audio output. This output is equivalent to the TIP to RING metallic voltage. The network for pro¬ 
gramming the 2-wire input impedance connects between this pin and RSN. 

20 

22 

HPR 

RING side of AC/DC separation capacitor Chp- Chp is required to properly separate the ring AC current from 
the DC loop current. The other end of Chp is connected to HPT. 

21 

1 

HPT 

TIP side of AC/DC separation capacitor Chp- Chp is required to properly separate the tip AC current from 
the DC loop current. The other end of Chp is connected to HPR. 

22 

2 

RD 

Loop current programming resistor. Resistor Rp sets the trigger level for the loop current detect circuit. A filter 
capacitor Cp is also connected between this pin and Vee- 

23 

3 

DT 

Input to ring trip comparator. Ring trip detection is accomplished by connecting an external network to a 
comparator in the SLIC with inputs DT and DR. 

25 

4 

DR 

Input to ring trip comparator. Ring trip detection is accomplished by connecting an external network to a 
comparator in the SLIC with inputs DT and DR. 

26 


tiPsense 

internally connected to output of tip power amplifier. 

27 

5 

TIPX 

Output of tip power amplifier. 

28 

6 

RINGX 

Output of ring power amplifier. 

3,10 
17. 24 


N/C 

No Internal connection. 
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Application Circuit 




Chp(NOTE 32) 


JSGT06U131 
1 NOTE 31 I 


RINGING 

(VbaT + AOVrms) 


ICtc TCrc 




VbAT Rsg 


21 HPT Ui 

HPR 20 

22 RD 

Vtx19 

23 OT 

VeeIS 

25 DR 

RSN16 

27TIPX 

AGND 15 

28 RINGX 

2BGND 

RdC 14 

4Vcc 

Cl 13 

5 RINGRLY 

C212 

6 Vbat 

DET11 

7 Rsg 

Eo9 


-5v rb: 

1 Rrx " 


RdC2 Cdc i 


I CODEC/FILTER 


U1 SLIC (Subscriber Line Interface Circuit) 
HC5515 

U2 Combination CODEC/Filter e.g. 

CD22354A or Programmable CODEC/ 
Filter, e.g. SLAC 

Cdc 1.5hF,20%, 10V 
Chp lOnF, 20%, 100V (Note 2) 

Crt 0.39)iF, 20%, 100V 
CjC. Crc 2200pF, 20%, 100V 

Relay Relay, 2C Contacts, 5V Coil 
D 1 -D 4 Diode, 100V, 3A 
Surgector SGT06U13 

D 5 Diode, 1N4454 

Rpi, Rf 2 Line Resistor, 20Q, 1% Match 


Ri,R 3 200kn, 5%, 1/4W 
R 2 910kO,5%, 1/4W 
R 4 1.2MO,5%, 1/4W 
Rb 18.7kO,1%, 1/4W 
Rd 39kn, 5%, 1/4W 
RdCI. RdC 2 41.2kii, 5%, 1/4W 
Rfb 20.0kfl, 1%, 1/4W 
Rrx 280kO, 1 %, 1/4W 
Rj 562kn, 1%, 1/4W 
Rtx 20W2, 1%, 1/4W 
RrT 150n,5%,2W 

Rsg Vbat =‘ 28 V, Rsg = 

Vbat = ‘48V, Rsg = 4.0kO, 1/4W 5% 


30. The anodes of D 3 and D 4 may be connected directly to the Vbat supply if the application is exposed to only low energy transients. For 
harsher environments it is recommended that the anodes of D 3 and D 4 be shorted to ground through a transzorb or surgector. 

31. To meet the specified 25dB 2-wire return loss at 200Hz, Crp needs to be 20 nF, 20%, 100 V. 


FIGURE 20. APPLICATION CIRCUIT 
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sue 

Subscriber Line Interface Circuit 


Features 

• Dl Monolithic High Voltage Process 

• Programmable Current Feed (20mA to 60mA) 

• Programmable Loop Current Detector Threshold and 
Battery Feed Characteristics 

• Ground Key and Ring Trip Detection 

• Compatible with Ericsson’s PBL3764A/4 

• Thermal Shutdown 

• On-Hook Transmission 

• Wide Battery Voltage Range (-24V to -58V) 

• Low Standby Power 

• Meets TR-NWT-000057 Transmission Requirements 

• -40°C to 85°C Ambient Temperature Range 

Applications 

• Digital Loop Carrier Systems • Pair Gain 

• Fiber-ln-The-Loop ONUS • POTS 

• Wireless Local Loop • PABX 

• Hybrid Fiber Coax 

• Reiated Literature 

- AN9632, Operation of the HC5523/15 Evaluation Board 


Description 

The HC5523 is a subscriber line interface circuit which is 
interchangeable with Ericsson’s PBL3764A/4 for distributed 
central office applications. Enhancements include Immunity 
to circuit iatch-up during hot plug and absence of false sig¬ 
naling in the presence of longitudinal currents. 

The HC5523 Is fabricated in a High Voltage Dielectrically 
Isolated (Dl) Bipolar Process that eliminates leakage cur¬ 
rents and device latch-up problems normally associated with 
junction isolated ICs. The elimination of the leakage currents 
results In improved circuit performance for wide temperature 
extremes. The latch free benefit of the Dl process guaran¬ 
tees operation under adverse transient conditions. This pro¬ 
cess feature makes the HC5523 ideally suited for use in 
harsh outdoor environments. 

Ordering Information 


RANGE (°C) I PACKAGE 


HC5523IM 

-40 to 85 

28 Ld PLCC 

N28.45 

HC5523IP 

-40 to 85 

22LdPDIP 

E22.4 



CAUTION: These devices are sensitive to electrostatic discharge. Users shouid follow proper 1C Handling Procedures. 
Copyright © Harris Corporation 1997 - 


File Number 4144.1 
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Absolute Maximum Ratings 

Temperature, Humidity 

Storage Temperature Range.-65°C to 150°C 

Operating Temperature Range.-40°C to 110°C 

Operating Junction Temperature Range.*40°C to 150°C 

Power Suppiy {-40°C < Ta < 85 OC) 

Supply Voltage Vcc to GND.0.5V to 7V 

Supply Voltage V^e to GND.-7V to 0.5V 

Supply Voltage Vbat to GND.-80V to 0.5V 

Ground 

Voltage between AGND and BGND.-0.3V to 0.3V 

Relay Driver 

Ring Relay Supply Voltage.OV to Vbat +75V 

Ring Relay Current.50mA 

Ring Trip Comparator 

Input Voltage .. Vbat to OV 

Input Current. .... .-5mA to 5mA 

Digital Inputs, Outputs (C1, C2, EO, E1, DET) 

Input Voltage . .... .OV to Vcc 

Output Voltage ( DET Not Active).OV to Vcc 

Output Current (DET).5mA 

Tipx and Ringx Terminals (-40°C < Ta ^ +85°C) 

Tipx or Ringx Voltage, Continuous (Referenced to GND)Vbat to +2V 

Tipx or Ringx, Pulse < 10ms, Trep > 10s _Vbat •20V to +5V 

Tipx or Ringx, Pulse < lOps, Trep > 10s _Vrat '^OV to +10V 

Tipx or Ringx, Pulse < 250ns, Trep > 10s ... Vbat -70V to +15V 

Tipx or Ringx Current.70mA 

ESD Rating. 500V 


Thermal Information 

Thermal Resistance (Typical, Note 1) OjA 

22 Lead PDIP Package. 53 OC/W 

28 Lead PLCC Package. 53^C/VJ 

Continuous Power Dissipation at 70°C 

22 Lead PDIP Package.1.5W 

28 Lead PLCC Package..1.5W 

Package Power Dissipation at 70°C, t < 100ms, Irep > Is 

22 Lead PDIP Package.4W 

28 Lead PLCC Package.4W 

Derate above.70°C 

Plastic DIP.18.8mW/OC 

PLCC .18.8mW/°C 

Maximum Junction Temperature Range.-40®C to 150®C 

Maximum Storage Temeprature Range.-65°C to 150®C 

Maximum Lead Temperature.300°C 

(Soldering 10s, PLCC Lead Tips Only) 


Die Characteristics 

Gate Count.. 


. 543 Transistors, 51 Diodes 


CAUTION: Stresses above those listed in "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated ih the operational sections of this specification is not implied. 

NOTE: 

1. Oja is measured with the component mounted on an evaluation PC board in free air. 


Typical Operating Conditions 

These represent the conditions under which the part was developed and are suggested as guidelines. 


PARAMETER 


Case Temperature 


Vcc with Respect to AGND 


Vee with Respect to AGND 


Vbat with Respect to BGND 


CONDITIONS 



Eiectrical Specifications Ta = -40°c to 85 OC, Vcc =+ 5 V ± 5 %, Vee=- 5 V ± 5 %, Vrat = - 48 V, agnd = bgnd = ov, Rpci = Rpca = 

41.2kO, Rp = 39kO, Rsg = Rp! = Rf2 = OO, Crp = lOnF, Cpc = 1.5pF, Z\_ = 600Q, Unless Othenwise 
Specified. All pin number references in the figures refer to the 28 lead PLCC package. 


PARAMETER 


Overload Level 


Longitudinal Impedance (Tip/Ring) 



TIP 

Vtx 


27 

19 

VjRO 




RING 

RSN 


28 

16 


CONDITIONS 


1% THD, Zl == 600a (Note 2, Figure 1) 


0 < f < 100Hz (Note 3, Figure 2) 


1VRMS 
0<f< 100Hz 

El c 



►soon Vt 




16nF L I-1 

>300Q 


LZj * Vj/Ar 


MAX 

UNITS 

- 

VpEAK 

35 

Q/Wire 


I TIP Vjxl 

I 27 19l 


I RING RSN I— 

28 16 1 300kO ■ 


LZr*Vr/Ar 


FIGURE 1. OVERLOAD LEVEL (TWO>WIRE PORT) 


FIGURE 2. LONGITUDINAL IMPEDANCE 
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Electrical Specifications Ta = - 40 °c to 85 ®c, Vcc » +5V ±5 %, Vee = -5V ±5%, Vbat * -48V, agnd=bgnd = ov, Rdci = Rdc 2 = 

41.2kQ, Rp as 39kG, Rsg = OG, Rp-| as Rp 2 as OG, C^p as lOnF, Cpp = 1 -Sp-F, Zl = 600G, Unless Otherwise 
Spedfied. Ail pin number references in the figures refer to the 28 lead PLCC package. (Continued) 


Off-Hook (Active) 

No False Detections, (Loop Current), 

LB > 45dB (Note 4, Figure 3A) 

27 

On-Hook (Standby), Rl = ‘x» 

No False Detections (Loop Current) 

(Note 5, Figure 3B) 

8,5 


PARAMETER 


LONGITUDINAL CURRENT LIMIT (TIP/RING) 


CONDITIONS 


OFF-HOOK LONGITUDINAL BALANCE 


Longitudinal to Metallic 


Longitudinal to Metallic 


Metallic to Longitudinal 


Longitudinal to 4-Wire 


Metallic to Longitudinal 


4-Wire to Longitudinal 


IEEE 455 -1985, Rlr, Rlt = 368G 

0.2kHz < f < 4.0kHz (Note 6, Figure 4) 

58 

70 

Rlr, Rlt * 300G, 0 .2kHz < f < 4.0kHz 
(Note 6, Figure 4) 

58 

70 

FCC Part 68, Para 68.310 

0.2kHz<f< 1.0kHz 

50 

55 

1.0kHz <f<4.0kHz (Note 7) 

50 

55 

0.2kHz < f < 4.0kHz (Note 8, Figure 4) 

58 

70 

Rlr, Rlt = 300G, 0 .2kHz < f < 4.0kHz 
(Note 9, Figure 5) 

50 

55 

0.2kHz < f < 4.0kHz (Note 10, Figure 5) 

50 

55 


JL 2.16| 




27 

19 

RING 

RSN 

28 

16 


Rt 

600kG ''tX 


2.16fiF 

t- 

X 


f- 

TIP 

Vtx 


27 

19 

Etr 






L 

RING 

RSN 


28 

16 


n^ApEAK/ 

Wire 


n^ApEAK/ 

Wire 




Rrx 


FIGURE 4. LONGITUDINAL TO METALLIC AND 
LONGITUDINAL TO 4-WIRE BALANCE 


2-Wire Return Loss 
Chp = 20nF 


FIGURE 5. METALLIC TO LONGITUDINAL AND 4-WIRE TO 
LONGITUDINAL BALANCE 


0.2kHz to 0.5kHz (Note 11, Figure 6) 

25 

0.5kHz to 1 .OkHz (Note 11, Figure 6) 

27 

1 .OkHz to 3.4kHz (Note 11, Figure 6) 

23 
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Electrical Specifications 


Ta = -40OC to 860c, Vcc = + 6 V ±5%. Vge * -SV ±5%, Vbat *= -48V, AGND = BGND = OV, Rpci = RdC2 * 
41.2W2, Rq ss 39W2, Rsg = Oft, Rpi * Rf 2 - Oft, Chr * 10nF, Cqc = 1-5^F, Zl = 600ft, Unless Otherwise 
Specified. All pin number references In the figures refer to the 28 lead PLCC package. (Continued) 


CONDITIONS 


PARAMETER 


TIP IDLE VOLTAGE 


Active, l|_ = 0 


Standby, II = 0 


RING IDLE VOLTAGE 


Active, II = 0 


Standby, i|_ = 0 


TiP-RING Open Loop Metailic Voitage, Vjr I V 0 at * '52V, Rsg = Oft 


4-WIRE TRANSMIT PORT (Vjx) 


Overload Level 


Output Offset Voltage 


(Zl > 20kft, 1% THD) (Note 12, Figure 7) 


Eq = 0, Zl = <«, (Note 13, Figure 7) 


Output Impedance (Guaranteed by Design) 0.2kHz < f < 03.4kHz 


2- to 4-Wire (Metallic to Vjx) Voltage Gain 


TIP 

27 

Vtx 

19 

RING 

28 

RSN 

16 


0.3kHz < f < 03.4kHz (Note 14, Figure 7) 


2.1 6rF 


I 'DCMEff 
Eq© 23mA 



TIP 

27 

Vtx 

19 

RING 

28 

RSN 

16 


FIGURE 6 . TWO-WIRE RETURN LOSS 


FIGURE 7. OVERLOAD LEVEL (4-WIRE TRANSMIT PORT), 
OUTPUT OFFSET VOLTAGE, 2-WIRE TO 4-WIRE 
VOLTAGE GAIN AND HARMONIC DISTORTION 


4-WiRE RECEIVE PORT (RSN) 


DC Voltage 


Rx Sum Node impedance (Gtd by Design) 


Current Gain-RSN to Metallic 


FREQUENCY RESPONSE (OFF-HOOK) 


2-Wire to 4-Wlre 


4-Wire to 2 -Wlre 


4-Wire to 4-Wire 


INSERTION LOSS 


2-Wire to 4-Wire 


4-Wire to 2-Wlre 


GAIN TRACKING (Ref = -lOdBm, at 1.0kHz) 


IrSN = OniA 


0.2kHz <f<3.4kHz 


0.3kHz < f < 3.4kHz (Note 15, Figure 8 ) 


OdBm at 1.0kHz, Erx = 0V 

0.3kHz < f < 3.4kHz (Note 16, Figure 9) 


OdBm at 1.0kHz, Eq^OV 

0.3kHz < f < 3.4kHz (Note 17, Figure 9) 


OdBm at 1.0kHz, Eg = 0V 

0.3kHz < f < 3.4kHz (Note 18, Figure 9) 


2-Wire to 4-Wlre 


2-Wire to 4-Wire 


OdBm, 1 kHz (Note 19, Figure 9) 


OdBm, 1kHz (Note 20, Figure 9) 


+3dBm to +7dBm (Note 21, Figure 9) 


-40dBm to +3dBm (Note 21, Figure 9) 
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Electrical Specifications =-40°c to 85°c, Vcc = +5V ± 5 %. Vee=- sv ±5%, Vbat = -48V, agnd = bond = ov, Rdci = Rdc 2 = 
41.2kQ, Rp = 39kQ, Rsg ~ 0^* ^Fl ~ ^F 2 ” ^HP = 10riF, Cqq = 1.5p,F, Z\_ = 600^2, Unless Othen/vise 
Specified. All pin number references in the figures refer to the 28 lead PLCC package. (Continued) 


PARAMETER 


2-Wire to 4-Wire 


4-Wire to 2-Wire 


4-Wire to 2-Wire 


CONDITIONS 


-55dBm to -40dBm (Note 21, Figure 9) 


-40dBm to +7dBm (Note 22, Figure 9) 


-55dBm to -40dBm (Note 22, Figure 9) 



GRX = ((VjRr VTR2)(300k))/(-3)(600) 

Where: N/jr-j is the Tip to Ring Voltage with Vrsn = OV 

and V 7 R 2 is the Tip to Ring Voltage with Vrsn = -3V . qy 


I TIP RSN I— 

27 161 300k£2 


VrsN*-3V 


I RdC2 Cdc 

^ .. .. RING Roc . 4 o I h" 

28_ U 41.2kn 1.5^iF 

FIGURE 8. CURRENT GAIN-RSN TO METALLIC 



EgW 
1/(dC < Rl L 


FIGURE 9. FREQUENCY RESPONSE, INSERTION LOSS, 

GAIN TRACKING AND HARMONIC DISTORTION 


NOISE 


Idle Channel Noise at 2-Wire 


idle Channel Noise at 4-Wire 


HARMONIC DISTORTION 


2-Wire to 4-Wire 


4-Wire to 2-Wire 


BATTERY FEED CHARACTERISTICS 


Constant Loop Current Tolerance 


C-Message Weighting (Note 23, Figure 10) 


Psophometrical Weighting 
(Note 23, Figure 10) 


C-Message Weighting (Note 24, Figure 10) 


Psophometrical Weighting 
(Note 23, Figure 10) 


OdBm, 1kHz (Note 25, Figure 7) 


OdBm, 0.3kHz to 3.4kHz (Note 26, Figure 9) 


II = 2500/(Rdci + RdC 2 )» 


RdCX = 41.2kQ -40OC to BS^C (Note 27) 


Loop Current Tolerance (Standby) 


Open Circuit Voltage (Vjip - Vring) 


LOOP CURRENT DETECTOR 


On-Hook to Off-Hook 


Off-Hook to On-Hook 


Loop Current Hysteresis 


GROUND KEY DETECTOR 


Tip/Ring Current Difference - Trigger 


Tip/Ring Current Difference - Reset 


Hysteresis 


•l=(Vbat-3)/(Rl+1800), 
-40OC to 85°C (Note 28) 


-40°C to 85°C, (Active) Rsg = 


RD = 39kQ,-40°Cto85°C 


RD = 39kQ, -40OCto85°C 


RD = 39kQ,-40°Cto85®C 


(Note 29, Figure 11) 


(Note 29, Figure 11) 


(Note 29, Figure 11) 
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Electrical Specifications Ta = - 40 °c io 85 ®c, Vcc = +5V ± 5 %, v^e= -sv «%, Vbat = -48V, agnd = bgnd = ov, Roci = Rdc 2 = 

41.2W2, Rd = 39ki2, Rsq = Rpi = ^F2 = ^hp = 10nF, Cqc = 1 -ShF, Zl = 600£2, Unless Otherwise 
Specified. All pin number references in the figures refer to the 28 lead PLCC package. (Continued) 


PARAMETER 


CONDITIONS 

MIN 

TYP 

MAX 

UNITS 



FIGURE 10. IDLE CHANNEL NOISE 


RING TRIP DETECTOR (DT, DR) 


Offset Voltage 

Source Res - 0 

-20 

Input Bias Current 

Source Res = 0 

-360 

input Common-Mode Range 

Source Res = 0 

Vbat 

input Resistance 

Source Res = 0, Unbalanced 

1 


Source Res = 0, Balanced 

3 



RING RELAY DRIVER 


VsAT 25mA 


Off-State Leakage Current 


DIGITAL INPUTS (EO, El, Cl, C2) 


Input Low Voltage, V|l 


Input High Voltage, V|h 


Input Low Current, I|l: Cl, C2 


Input Low Current, I|l: EO, El 


Input High Current 


DETECTOR OUTPUT (DET) 


Output Low Voltage, Vql 


Output High Voltage, Vqh 


Internal Pull-Up Resistor 


POWER DISSIPATION (Vbat = -48V) 


Open Circuit State 


On-Hook, Standby 


On-Hook, Active 


Off-Hook, Active 


TEMPERATURE GUARD 


Thermal Shutdown 


Iql 25mA 


Voh = 12V 



Cl = C2 = 0 


Cl = C2 = 1 


Cl = 0, C2 = 1, Rl = High Impedance 


Cl =0,C2=1,R|_ = 6000 
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Electrical Specifications Ta = - 40 °c to 85°c, Vcc =+5V ±s%, Vee = -5V±5%, Vbat =-^sv, agnd = bgnd = ov, Rdci = Rdc 2 = 
41.2k£2, Rp = 39k^, Rsg *= 0^. Rpl “ f^F2 “ ^HP “ 10 nF, Cqq = 1.5^F, Z\_ = 600Q, Unless Otherwise 
Specified. Ail pin number references in the figures refer to the 28 lead PLCC package. (Continued) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

SUPPLY CURRENTS (Vbat = -28V) 

Open Circuit State (Cl, 2 = 0, 0) 

On-Hook 

•cc 

- 

1.3 

2.0 

mA 

•ee 


0.6 

0.9 

mA 

■bat 


0.35 

0.55 

mA 

Standby State (01,2=1,1) 

On-Hook 

•cc 


1.6 

2.25 

mA 

•ee 


0.62 

0.9 

mA 

•bat 


0.55 

0.85 

mA 

Active State (01,2 = 0,1) 

On-Hook 

•cc 


m^^ii 

5.8 

mA 

•ee 


1.1 

1.8 

mA 

•bat 


2.2 


mA 

PSRR 

Vcc to 2 or 4-Wire Port 

(Note 30, Figure 12) 

- 

40 

- 

dB 

Vee to 2 or 4-Wlre Port 

(Note 30, Figure 12) 

- 

40 

- 

dB 

Vbat to 2 or 4-Wire Port 

(Note 30, Figure 12) 


40 

- 

dB 



FIGURE 12. POWER SUPPLY REJECTION RATIO 


Circuit Operation and Design Information 


The HC5523 is a current feed voltage sense Subscriber Line 
Interface Circuit (SLIG). This means that for short loop 
applications the SLIC provides a programed constant 
current to the tip and ring terminals while sehsing the tip to 
ring voltage. 

The following discussion separates the SLiC’s operation into 
its DC and AC path, then follows up with additional circuit 
and design information. 


Constant Loop Current (DC) Path 

SLIC in the Active Mode 

The DC path establishes a constant loop current that flows 
out of tip and Into the ring terminal. The loop current is pro¬ 
grammed by resistors Rpci» RdC 2 ^i^d the voltage on the 
Rdc Pif' (Figure 13). The Rpc voltage is determined by the 
voltage across Ri in the saturation guard circuit. Under con¬ 
stant current feed conditions, the voltage drop across Ri 
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Rpca T 



FIGURE 13. DC LOOP CURRENT 


sets the Roc voltage to -2.5V. This occurs when current 
flows through R-j Into the current source I 2 . The Rqc voltage 
establishes a current (Irsn) equal to Vrqc/(Rdci 
+Rdc2 )- This current is then multiplied by 1000, in the loop 
current circuit, to become the tip and ring loop currents. 

For the purpose of the following discussion, the saturation 
guard voltage is defined as the maximum tip to ring voltage 
at which the SLiC can provide a constant current for a given 
battery and overhead voltage. 

For loop resistances that result In a tip to ring voltage less 
than the saturation guard voltage the loop current is defined 


where; II = Constant loop current. 

Rdci RdC2 = Loop current programming resistors. 

Capacitor Cqc between Rpci 2 iod Rdc2 removes the VF 
signals from the battery feed control loop. The value of Cqc 
is determined by Equation 2: 


Vbat - -*^V, II b 23mA. Rsq » 4.0kQ 


^DC “ —■’■r"^—1 

”dC 2 ^ 



0 1.2K 00 

LOOP RESISTANCE (Q) 

FIGURE 14. Vtr vs R^ 

Figure 15 shows the relationship between the saturation guard 
voltage, the loop current and the loop resistance. Notice from 
Figure 15 that for a loop resistance <1.2kQ (Rsq = 4.0kQ) the 
SLiC is operating in the constant current feed region and for 
resistances >1.2ld2 the SLIC is operating in the resistive feed 
region. Operation in the resistive feed region allows long loop 
and off-hook transmission by keeping the tip and ring voltages off 
the rails. Operation in this region is transparent to the customer. 


URRENT 


where T = 30ms 

NOTE: The minimum Cpc value is obtained if Rpci = RdC2 

Figure 14 illustrates the relationship between the tip to ring 
voltage and the loop resistance. For a OO loop resistance 
both tip and ring are at Vrat/^. As the loop resistance 
increases, so does the voltage differential between tip and 
ring. When this differential voltage becomes equal to the sat¬ 
uration guard voltage, the operation of the SLIC’s loop feed 
changes from a constant current feed to a resistive feed. The 
loop current in the resistive feed region is no longer constant 
but varies as a function of the loop resistance. 



SATURATION GUARD 
VOLTAGE, Vtr * 13V 


10 20 30 

LOOP CURRENT (mA) 


RlI lOOkO 
Rl lOOkO 


<1.2kQ Rsg * 4.0kO 

<4000 Rsg ® 


FIGURE 15. Vtr vs II and Rl 
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The Saturation Guard circuit (Figure 13) monitors the tip to 
ring voltage via the transconductance amplifier A-i. Ai gen¬ 
erates a current that is proportional to the tip to ring voltage 
difference. Ii is internally set to sink all of Ai’s current until 
the tip to ring voltage exceeds 12.5V. When the tip to ring 
voltage exceeds 12.5V (with no Rqq resistor) Ai supplies 
more current than li can sink. When this happens A 2 ampli¬ 
fies its input current by a factor of 12 and the current through 
Ri becomes the difference between I 2 and the output cur¬ 
rent from A 2 . As the current from A 2 increases, the voltage 
across R-j decreases and the output voltage on Rqq 
decreases. This results in a corresponding decrease in the 
loop current. The Rsg pin provides the ability to increase the 
saturation guard reference voltage beyond 12.5V. Equation 3 
gives the relationship between the Rsq resistor vaiue and 
the programmable saturation guard reference voltage: 


^SGREF - 


5*10'' 


where: 


SG 


+ 17300 


(EQ.3) 


Vsgref = Saturation Guard reference voltage. 
Rsg = Saturation Guard programming resistor. 


When the Saturation guard reference voltage is exceeded, 
the tip to ring voltage is calculated using Equation 4: 


''TR • 


16.66 + 5 • IOVCRqq + 17300) 




(EQ.4) 


where: 

VjR = Voltage differential between tip and ring. 

Rl = Loop resistance. 

For on-hook transmission Rl = Equation 4 reduces to: 


Vtp = 16.66+ . 


5*10'' 


^SG 


-17300 


(EQ.5) 


The value of Rsg should be calculated to allow maximum 
loop length operation. This requires that the saturation guard 
reference voltage be set as high as possible without clipping 
the incoming or outgoing VF signal. A voltage margin of -4V 
on tip and -4V on ring, for a total of -8V margin, is recom¬ 
mended as a general guideline. The value of Rsg ‘s calcu¬ 
lated using Equation 6: 


’^SG” 


5 #10 




'MAR 


)x 1 


, (Rdci+*^dc2' 


600R, 


- -16. 

J 


--17300 


.66V 


(EQ. 6) 


where: 

Vbat = Battery voltage. 


Vmar = Voltage Margin. Recommended value of -8V to 
allow a maximum overload level of 3.1 V peak. 


For on-hook transmission Rl = «>, Equation 6 reduces to: 

SLIC in the Standby Mode 

Overall system power is saved by configuring the SLIC in the 
standby state when not in use. In the standby state the tip 
and ring amplifiers are disabled and internal resistors are 
connected between tip to ground and ring to Vbat- This con¬ 
nection enables a loop current to flow when the phone goes 
off-hook. The loop current detector then detects this current 
and the SLIC is configured in the active mode for voice 
transmission. The loop current In standby state is calculated 
as follows: 

, KbAt|-3V (Eq 3 ) 

L~R^+1800£2 

where: 

II = Loop current in the standby state. 

Rl = Loop resistance. 

Vbat = Battery voltage. 

(AC) Transmission Path 

SLIC in the Active Mode 

Figure 16 shows a simplified AC transmission model. Circuit 
analysis yields the following design equations: 


Vtr = Vtx + Im*2Rf 

(EQ. 9) 

^TX ^RX Im 

(EQ. 10) 

Zt Zrx-1000 


^TR = ^G“'m*2l 

(EQ.11) 

where: 



Vjp = Is the AC metallic voltage between tip and ring, 
including the voltage drop across the fuse resistors Rp. 

Vjx = Is the AC metallic voltage. Either at the ground refer¬ 
enced 4-wire side or the SLIC tip and ring terminals. 

Im = Is the AC metallic current. 

Rp = Is a fuse resistor. 

Zj = Is used to set the SLIC’s 2-wire impedance. 

Vrx = Is the analog ground referenced receive signal. 

Zrx = Is used to set the 4-wire to 2-wlre gain. 

Eq = Is the AC open circuit voltage. 

Zl = Is the line impedance. 
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FIGURE 16. SIMPLIFIED AC TRANSMISSION CIRCUIT 

(AC) 2-Wire Impedance (AC) 2-Wire to 4-Wire Gain 

The AC 2 -wire impedance (Ztr) is the impedance looking The 2 -wire to 4-wire gain is equal to Vjx/ Vjr 

into the SLIC, including the fuse resistors, and is calculated ^ ^ ^ 

as follows: 9 and 10 wrth Vrx = 0 


Let Vrx = 0. Then from Equation 10 




ZjR is defined as: 


Substituting in Equation 9 for Vjr 

, Vtx 2Rp.l^, 

Substituting in Equation 12 for Vjx 


From Equations 9 and 10 with Vrx = 0 
Vjx Zj/1000 
^2-4 ^ V^^ " Zj/1000 + 2Rp 

(AC) 4-Wire to 2-Wire Gain 

The 4-wire to 2 -wire gain is equal to VjrA/rx 
F rom Equations 9,10 and 11 with Eq = 0 

VtP Z-r Zi 


2 Rp H 

1000 ^ 


For applications where the 2-wlre impedance (Zjr, 
Equation 15) is chosen to equal the line Impedance (ZJ, the 
expression for A 4.2 simplifies to: 


Therefore 

Zj = 1000*(Zjp-2Rp) 


(AC) 4-Wire to 4-Wire Gain 

The 4-wire to 4-wire gain is equal to VjxA/rx 
(EQ. 16) Prom Equations 9, 10 and 11 with Eq = 0 


Equation 16 can now be used to match the SLIC’s imped¬ 
ance to any known line impedance (Zjr). 

Example: 

Calculate Zj to make Zjr = 600Q in series with 2.16pR 
Rp = 20Q. 


^ ja)*2.16*10° 

Zj = 560kQ in series with 2.16nF 


Transhybrid Circuit 

The purpose of the transhybrid circuit is to remove the 
receive signal (Vrx) from the transmit signal (Vjx), thereby 
preventing an echo on the transmit side. This is 
accomplished by using an external op amp (usually part of 
the CODEC) and by the inversion of the signal from the 
4-wire receive port (RSN) to the 4-wire transmit port (Vjx). 
Figure 17 shows the transhybrid circuit. The input signal will 
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be subtracted from the output signal if l-i equals I 2 . Node 
analysis yields the following equation: 


The value of Zb Is then 


Zb = -Rtx*^ 


Where Vpx/Vjx equals 1/ A 4.4 
Therefore 


- RtX* z7*- ZlT2Rp. 


Example: 

Given: Rjx = 20kQ, Zrx = 280kQ, Zj = 562ki2 (standard 
value), Rp = 20Q and Z = 600Q 

The value of Zb = 18.7k£2 



HC5523 


CODEC/ 

FILTER 


FIGURE 17. TRANSHYBRID CIRCUIT 

Supervisory Functions 

The loop current, ground key and the ring trip detecto r out- 
puts are multiplexed to a single logic output pin called DET. 
See Table 1 to determine the active detector for a given logic 
Input. For further discussion of the logic circuitry see section 
titled ‘‘Digital Logic inputs”. 

Before proceeding with an explanation of the loop current 
detector, ground key detector and later the longitudinal imped¬ 
ance, it is important to understand the difference between a 
‘‘metallic” and longitudinal” loop currents. Figure 18 illustrates 
3 different types of loop current encountered. 

Case 1 illustrates the metallic loop current. The definition of 
a metallic loop current is when equal currents flow out of tip 
and into ring. Loop current is a metallic Current. 


Cases 2 and 3 illustrate the longitudinal loop current. The 
definition of a longitudinal loop current Is a common mode 
current, that flows either out of or into tip and ring 
simultaneously. Longitudinal currents in the on-hook state 
result in equal currents flowing through the sense resistors 
Rl and R 2 (Figure 18). And longitudinal currents in the off- 
hook state result in unequal currents flowing through the 
sense resistors R-i and R 2 . Notice that for case 2, 
longitudinal currents flowing away from the SLIC, the current 
through R-i is the metallic loop current plus the longitudinal 
current; whereas the current through R 2 is the metallic loop 
current minus the longitudinal current. Longitudinal currents 
are generated when the phone line is influenced by 
magnetic fields (e.g. power lines). 

Loop Current Detector 

Figure 18 shows a simplified schematic of the loop current 
and ground key detectors. The loop current detector works 
by sensing the metallic current flowing through resistors Ri 
and R 2 . This results in a current (Ird) out of the transcon¬ 
ductance amplifier (gmi) that is equal to the product of gm-i 
and the metallic loop current. Ird then flows out the Rp pin 
and through resistor Rp to Ve^. The value of Ird is equal to: 

I _ I'tIP-IrINgI ^ jl^ (EQ. 24) 

RD ~ 600 300 

The Ird current results in a voltage drop across Rp that Is 
compared to an Internal 1.25V reference voltage. When the 
voltage drop across Rp exceeds 1.2 5V, an d the logic is con¬ 
figured for loop current detection, the DET pin goes low. 

The hysteresis resistor Rr adds an additional voltage effec¬ 
tively across Rp, causing the on-hook to off-hook threshold 
to be slightly higher than the off-hook to on-hook threshold. 

Taking into account the hysteresis voltage, the typical value 
of Rp for the on-hook to off-hook condition is: 

RD = i- — - (EQ-25) 

'ON-HOOK to OFF-HOOK 

Taking into account the hysteresis voltage, the typical value 
of Rp for the off-hook to on-hook condition is: 

Rd = i- — - (EQ- 26) 

'OFF-HOOK to ON-HOOK 

A filter capacitor (Cp) in parallel with Rp will Improve the 
accuracy of the trip point in a noisy environment. The value 
of this capacitor is calculated using the following Equation: 

Cd = ^ (EQ.27) 


where: T = 0.5ms 

Ground Key Detector 

A simplified schematic of the ground key detector is shown 
In Figure 18. Ground key, is the process in which the ring ter¬ 
minal is shorted to ground for the purpose of signaling an 
Operator or seizing a phone line (between the Central Office 
and a Private Branch Exchange). The Ground Key detector 
is activated when unequal current flow through resistors Ri 
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FIGURE 18. LOOP CURRENT AND GROUND KEY DETECTORS 


and R 2 - This results in a current (Iqk) out of the transcon¬ 
ductance amplifier (gm 2 ) that is equal to the product of gm 2 
and the differential (Ijip -Iring) loop current. If Iqk is less 
than the internal current source (li), then diode Di is on and 
the output of the ground key comparator is low. If Iqk is 
greater than the internal current source (l-j), then diode D 2 is 
on and the output of the ground key comparator is high. With 
the output of the ground key compar ator h igh, and the logic 
configured for ground key detect, the DET pin goes low. The 
ground key detector has a built in hysteresis of typically 5mA 
between its trigger and reset values. 

Ring Trip Detector 

Ring trip detection is accomplished with the internal ring trip 
comparator and the external circuitry shown in Figure 19. 
The process of ring trip is initiated when the logic input pins 
are in the following states; EO = 0, E1 = 1/0, Cl = 1 and 
C2 = 0. This lo gic condition connects the ring trip compara¬ 
tor to the DET output, and causes the Ringriy pin to energize 
the ring relay. The ring relay connects the tip and ring of the 
phone to the external circuitry in Figure 19. When the phone 
is o n-hoo k the DT pin is more positive than the DR pin and 
the DET output is hig h. Fo r off-hook conditi ons D R is more 
positive than DT and DET goes low. When DET goes low, 
indicating that the phone has gone off-hook, the SLiC is 
commanded by the logic Inputs to go into the active state. In 
the active state, tip and ring are once again connected to the 
phone and normal operation ensues. 

Figure 19 illustrates battery backed unbalanced ring injected 
ringing. For tip injected ringing just reverse the leads to the 
phone. The ringing source could also be balanced. 

NOTE: The DET output will toggle at 20Hz because the DT input is 
not completely filtere d by Crj- Software can examine the duty cycle 
and determine if the DET pin is low for more that half the time, if so 
the off-hook condition is indicated. 


Erg! 1 


\ 

RING TRIP 
COMPARATOR 


FIGURE 19. RING TRIP CIRCUIT FOR BATTERY BACKED 
RINGING 

Longitudinal Impedance 

The feedback loop described in Figure 20(A, B) realizes the 
desired longitudinal impedances from tip to ground and from 
ring to ground. Nominal longitudinal impedance is resistive 
and in the order of 22Q. 

in the presence of longitudinal currents this circuit attenu¬ 
ates the voltages that would otherwise appear at the tip and 
ring terminals, to levels well within the common mode range 
of the SLIC. In fact, longitudinal currents may exceed the 
programmed DC loop current without disturbing the SLIC’s 
VF transmission capabilities. 

The function of this circuit is to maintain the tip and ring 
voltages symmetrically around Vbat^2 , in the presence of 
longitudinal currents. The differential transconductance 
amplifiers Gj and Gr accomplish this by sourcing or sinking 
the required current to maintain Vq at Vbat/2. 
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When a longitudinal current is injected onto the tip and ring 
inputs, the voltage at Vq moves from It’s equilibrium value 
Vbat/ 2. When Vq changes by the amount DVC, this change 
appears between the input terminals of the differential 
transconductance amplifiers Gj and Gp. The output of Gj 
and Gp are the differential currents Ali and AI 2 , which in 
turn feed the differential Inputs of current sources It and Ip 
respectively. Ij and Ip have current gains of 250 single 
ended and 500 differentially, thus leading to a change in \j 
and Ip that is equal to 500(AI) and 500(Al2). 

The circuit shown in Figure 20(B) illustrates the tip side of 
the longitudinal network. The advantages of a differential 
input current source are: improved noise since the noise due 
to current source 2lo is now correlated, power savings due 
to differential current gain and minimized offset error at the 
Operational Amplifier inputs via the two 5kO resistors. 

Digital Logic Inputs 

Table 1 is the logic truth table for the TTL compatible logic 
input pins. The HC5523 has two enable inputs pins (EO, El) 
and two control inputs pins (C1, C2). 

The enable pin E O is used to enable or disable the DET out¬ 
put pin. The DET pin is enabled if EO is at a logic level 0 and 
disabled if EO is at a logic level 1. 

The enable pin E1 gates the ground key detector to the DET 
output with a l ogic level 0, and gates the loop or ring trip 
detector to the DET output with a logic level 1. 

A combination of the control pins Cl and C2 is used to 
select 1 of the 4 possible operating states. A description of 
each operating state and the control logic follow: 


Open Circuit State (Cl s 0, C2 = 0) 
in this state the SLIC is effectively off. All detectors and both the 
tip and ring line drive amplifiers are powered down, presenting a 
high impedance to the line. Power dissipation is at a minimum. 

Active State (Cl =: 0, C2 = 1) 

The tip output is capable of sourcing loop current and for 
open circuit conditions is about -4V from ground. The ring 
output is capable of sinking loop current and for open circuit 
conditions is about Vbat +4V. VF signal transmission is nor¬ 
mal. The loop current and ground key detectors are both 
activ e, EO and E1 determine which detector is gated to the 
DET output. 

Ringing State (Cl s 1, C2 = 0) 

The ring relay driver and the ring trip detector are activated. 
Both the tip and ring line drive amplifiers are powered down. 
Both tip and ring are disconnected from the line via the 
external ring relay. 

Standby State (C1 = 1, C2 = 1) 

Both the tip and ring line drive amplifiers are powered down, 
internal resistors are connected between tip to ground and 
ring to Vbat loop current detect in an off-hook condi¬ 

tion. The loop current and ground key detectors are both 
activ e, EO and E1 determine which detector is gated to the 
DET output. 

AC Transmission Circuit Stability 

To ensure stability of the AC transmission feedback loop two 
compensation capacitors Cjq and Crq are required. 
Figure 21 (Application Circuit) illustrates their use. Recom¬ 
mended value is 2200pF. 



FIGURE 20A. FIGURE 20B. 


FIGURE 20. LONGITUDINAL IMPEDANCE NETWORK 
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Sue Operating States 


TABLE 1. LOGIC TRUTH TABLE 



sue OPERATING STATE 


Open Circuit 


Active 


ACTIVE DETECTOR 


No Active Detector 


Ground Key Detector 


No Active Detector 


Ground Key Detector 


DET OUTPUT 


Logic Level High 


Ground Key Status 


Logic Level High 


Ground Key Status 



0 I Open Circuit 


Active 


0 I Ringing 


Standby 


No Active Detector 


Loop Current Detector 


Ring Trip Detector 


Loop Current Detector 


Logic Level High 


Loop Current Status 


Ring Trip Status 


Loop Current Status 



0 I Open Circuit 


Active 


0 Ringing 


Standby 


No Active Detector 


Ground Key Detector 


No Active Detector 


Ground Key Detector 



0 I Open Circuit 


Active 


0 Ringing 


1 I Standby 


AC-DC Separation Capacitor, Cfjp 

The high pass filter capacitor connected between pins HPT 
and HPR provides the separation between circuits sensing 
tip to ring DC conditions and circuits processing AC signals. 
A 10nf Chp will position the low end frequency response 
3dB break point at 48Hz. Where: 

f = _ ] _ (EQ. 28) 

(2*7C«Rp^p*CHp) 

where Rhp = 330ki2 

Thermai Shutdown Protection 

The HC5523’s thermal shutdown protection is invoked if a 
fault condition on the tip or ring causes the temperature of 
the die to exceed 160^C. if this happens, the SLIC goes into 
a high impedance state and will remain there until the tem¬ 
perature of the die cools down by about 20°C. The SLIC will 
return back to its normal operating mode, providing the fault 
condition has been removed. 

Surge Voitage Protection 

The HC5523 must be protected against surge voltages and 
power crosses. Refer to “Maximum Ratings” TIPX and 
RINGX terminals for maximum allowable transient tip and 
ring voltages. The protection circuit shown in Figure 20 uti¬ 
lizes diodes together with a clamping device to protect tip 
and ring against high voltage transients. 

Positive transients on tip or ring are clamped to within a cou¬ 
ple of volts above ground via diodes Di and D2. Under nor¬ 
mal operating conditions and D2 are reverse biased and 
out of the circuit. 


Logic Level High 


No Active Detector 


Loop Current Detector 


Ring Trip Detector 


Loop Current Detector 


Negative transients on tip and ring are clamped to within a cou¬ 
ple of volts below ground via diodes D3 and D4 with the help of 
a Surgector. The Surgector is required to block conduction 
through diodes D3 and D4 under normal operating conditions 
and allows negative surges to be returned to system ground. 

In applications where only low energy transients (<300V) are 
possible, diodes D3 and D4 could be connected to Vbat 
eliminating the requirement of the Surgector. Caution should 
be used with this application. Be aware that: surge protec¬ 
tion is for low level transients only and will subject the batter¬ 
ies to negative voltage surges. 

The fuse resistors (Rp) serve a dual purpose of being non¬ 
destructive power dissipaters during surge and fuses when 
the line in exposed to a power cross. 

Power-Up Sequence 

The HC5523 has no required power-up sequence. This is a 
result of the Dielectrically Isolated (DI) process used in the 
fabrication of the part. By using the DI process, care is no 
longer required to insure that the substrate be kept at the 
most negative potential as with junction isolated ICs. 

Printed Circuit Board Layout 

Care in the printed circuit board layout is essential for proper 
operation. All connections to the RSN pin should be made 
as close to the device pin as possible, to limit the interfer¬ 
ence that might be injected into the RSN terminal. It is good 
practice to surround the RSN pin with a ground plane. 

The analog and digital grounds should be tied together at 
the device. 
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Notes 


2. Overload Level (Two-Wire port) - The overload level Is speci¬ 
fied at the 2-wlre port (Vjro) with the signal source at the 4-wire 
receive port (Erx)- bCMET = 23mA, Rsg = 4kU Increase the 
amplitude of Erx until 1% THD is measured at Vjro- Reference 
Figure 1. 

3. Longitudinal Impedance - The longitudinal impedance is 
computed using the following equations, where TIP and RING 
voltages are referenced to ground. Lzi, L 2 r, Vj, Vr, Ar and Aj- 
are defined in Figure 2. 

(TIP)L2:T = VT/Ar 

(RING)Lzr = Vr/Ar 

where: El = 1Vrms (OHz to 100Hz) 

4. Longitudinal Current Limit (Off-Hook Active) - Off-Hook 
(Active, Ci =: 1, C 2 = 0) longitudinal current limit is determined 
by increasing the amplitude of El (Figur e 3A) until the 2-wire 
longitudinal balance drops below 45dB. DET pin remains low 
(no false detection). 

5. Longitudinal Current Limit (On-Hook Standby) - On-Hook 
(Active, Ci 1, C 2 = 1) longitudinal current limit is determined 
by increasing the amplitude of El (Figu re 3B ) until the 2-wlre 
longitudinal balance drops below 45dB. DET pin remains high 
(no false detection). 

6. Longitudinal to Metallic Balance - The longitudinal to metal¬ 
lic balance is computed using the following equation: 

BLME = 20 • log (El/V^r), where: El and Vjr are defined In 
Figure 4. 

7. Metallic to Longitudinal FCC Part 68, Para 68.310 - The 
metallic to longitudinal balance is defined in this spec. 

8. Longitudinal to Four-Wire Balance - The longitudinal to 4-wire 
balance is computed using the following equation: 

BLFE = 20 • log (El/Vjx).: and Vjx ar® defined in Figure 4. 

9. Metallic to Longitudinal Balance - The metallic to longitudi¬ 
nal balance is computed using the following equation: 

BMLE = 20 • log (Etr/Vl), Erx = 0 

where: Ejr^ Vl and Erx are defined in Figure 5. 

10. Four-Wire to Longitudinal Balance - The 4-wire to longitudi¬ 
nal balance is computed using the following equation: 

BFLE = 20 • log (Erx/Vl), Ej-r = source is removed, 
where: Erx, Vl and Ejr are defined in Figure 5. 

11. Two-Wire Return Loss - The 2-wire return loss is computed 
using the following equation: 

r=-20.log(2VM/Vs) 

where: Zp s The desired impedance; e.g., the characteristic 
impedance of the line, nominally 600Q. (Reference Figure 6). 

12. Overload Level (4-Wire port) - The overload level is specified 

at the 4-wire transmit port (Vjxo) with the signal source (Eg) at 
the 2-wire port, IpCMET = 23mA, Zl = 20kQ, Rsg = 4kQ (Refer¬ 
ence Figure 7). Increase the amplitude of Eq until 1% THD is 
measured at Vjxo* ^h® the 2-wlre port to 

the 4-wire port is equal to 1. 

13. Output Offset Voltage - The output offset voltage is specified 
with the following conditions: Eg =* 0, IpCMET “ 23mA, Zl - 
and is measured at V^x- Eq* ^DCMET ^TX ®*’® cl®fined 
in Figure 7. Note: ipcMET '® ®stablished with a series 6000 
resistor between tip and ring. 


14. Two-Wire to Four-Wire (Metallic to Vtx) Voltage Gain - The 
2-wlre to 4-wire (metallic to Vjx) voltage gain is computed 
using the following equation. 

^ 2-4 = (Vjx/Vtr). Eg = OdBmO, VjXf Vjr, and Eq are defined 
in Figure 7. 

15. Current Gain RSN to Metallic - The current gain RSN to 
Metallic is computed using the following equation: 

K = Im KRdCI + RDC 2 y(VRDC " Vrsn)1 K, Im, RdC 1 . RdC 2 . 
Vrdc ®ncl Vrsn ar® defined In Figure 8 . 

16. Two-Wireto Four-Wire Frequency Response - The 2-wire 
to 4-wire frequency response is measured with respect to 
Eq = OdBm at 1 .OkHz, Erx = OV, IpCMET ” 23mA. The fre¬ 
quency response is computed using the following equation: 

F2-4 = 20 • log (Vjx/Vjr), vary frequency from 300Hz to 
3.4kHz and compare to 1 kHz reading. 

Vjx, Vjr, and Eg are defined In Figure 9. 

17. Four-Wire to Two-Wire Frequency Response - The 4-wire 
to 2 -wire frequency response is measured with respect to Erx 
= OdBm at 1.0kHz, Eq = OV, IpcMET = 23mA. The frequency 
response is computed using the following equation: 

F 4.2 - 20 • log (Vjr/Erx), vary frequency from 300Hz to 
3.4kHz and compare to 1kHz reading. 

Vjr and Erx are defined in Figure 9. 

18. Four-Wire taFour-Wire Frequency Response - The 4-wire 
to 4-wlre frequency response is measured with respect to Erx 
= OdBm at 1.0kHz, Eq = OV, IpCMET ” 23mA. The frequency 
response is computed using the following equation: 

F 4.4 = 20 • log (Vjx/Erx), vary frequency from 300Hz to 
3.4kHz and compare to 1kHz reading. 

Vjx and Erx are defined In Figure 9. 

19. Two-Wire to Four-Wire Insertion Loss - The 2-wire to 4-wire 
insertion loss is measured with respect to Eq = OdBm at 1 .OkHz 
Input signal, Erx = 0, IpcMET = 23mA and is computed using 
the following equation: 

L 2-4 = 20 • log (Vjx/Vjr) 

where: Vjx, Vjr, and Eg are defined in Figure 9. (Note: The 
fuse resistors, Rp, impact the insertion loss. The specified 
Insertion loss is for Rp = 0). 

20. Four-Wire to Two-Wire Insertion Loss - The 4-wire to 2 -wire 
insertion loss is measured based upon Erx = OdBm, 1 .OkHz 
input signal, Eq » 0, IpcMET = 23mA and is computed using 
the following equation: 

L 4-2 = 20 • log (Vjr/Erx) 

where: Vjr and Erx are defined in Figure 9. 

21. Two-Wire to Four-Wire Gain Tracking - The 2-wire to 4-wire 
gain tracking is referenced to measurements taken for Eq s 
- lOdBm, 1 . 0 kHz signal, Erx = 0 , Idcmet = 23mA and is com¬ 
puted using the following equation. 

G2.4 = 20 • log (Vjx/Vjr) Vary amplitude -40dBm to +3dBm, or 
-55dBm to -40dBm and compare to -lOdBm reading. 

Vjx and Vjr are defined in Figure 9. 

22. Four-Wire to Two-Wire Gain Tracking - The 4-wire to 2-wlre 
gain tracking is referenced to measurements taken for Erx = 
-lOdBm, 1.0kHz signal, Eq *= 0, IpcMET = 23mA and is com¬ 
puted using the following equation: 

G 4.2 “ 20 • log (Vjr/Erx) vary amplitude -40dBm to +3dBm, 
or -55dBm to -40dBm and compare to -lOdBm reading. 
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VjR and Erx ar© defined in Figure 9. The level is specified at the 
4-wire receive port and referenced to a 600^2 impedance level. 

23. Two-Wire Idle Channel Noise - The 2-wire idle channel noise 
at VjR is specified with the 2-wire port terminated in 6000 (Rl) 
and with the 4-wlre receive port grounded (Reference Figure 10). 

24. Four-Wire Idle Channel Noise - The 4-wire idle channel noise 
at Vjx is specified with the 2-wire port terminated in 6000 (RJ. 
The noise specification is with respect to a 6000 impedance level 
at Vjx- The 4-wire receive port is grounded (Reference Figure 10). 

25. Harmonic Distortion (2-Wire to 4-Wire) - The harmonic dis¬ 
tortion is measured with the following conditions. Eq = OdBm at 
1 kHz, Idcmet = 23mA. Measurement taken at Vjx- (Reference 
Figure 7). 

26. Harmonic Distortion (4-Wire to 2-Wire) - The harmonic dis¬ 
tortion is measured with the following conditions. Erx = OdBmO. 
Vary frequency between 300Hz and 3.4kHz, IpcMET = 23mA. 
Measurement taken at Vjr. (Reference Figure 9). 


27. Constant Loop Current - The constant loop current is calcu¬ 
lated using the following equation: 

II = 2500 / (Rdci + f^DCa) 

28. Standby State Loop Current - The standby state loop current 
is calculated using the following equation: 

II = [IVbatI - 3] / [Rl +1 800 ], Ta = 25°c 

29. Ground Key Detector - (T RIGGER) Increase the input current 
to 8mA and verify that DET goes low. 

(RESET) Decre ase the Input current from 17mA to 3mA and 
verify that DET goes high. 

(Hysteresis) Compare difference between trigger and reset. 

30. Power Supply Rejection Ratio - Inject a lOOmVR^s signal 
(50Hz to 4kHz) on Vbat» Vcc and Vee supplies. PSRR is com¬ 
puted using the following equation: 

PSRR = 20 • log (Vjx/V|n). Vjx and V|n are defined in Figure 12. 


Pin Descriptions 


PLCC 

PDIP 

SYMBOL 

DESCRIPTION 

1 


RINGsense 

Internally connected to output of RING power amplifier. 

2 

7 

BOND 

Battery Ground - To be connected to zero potential. All loop current and longitudinal current flow from this ground. 
Internally separate from AGND but it is recommended that it is connected to the same potential as AGND. 

4 

8 

Vcc 

+5V power supply. 

5 

9 

RINGRLY 

Ring relay driver output. 

6 

10 

Vbat 

Battery supply voltage, -24V to -56V. 

7 

11 

Rsg 

Saturation guard programming resistor pin. 

8 

12 

El 

TTL compatible logic input. The logic state of El in conjunction with the logic state of Cl determines which 
detector is gated to the DET output. 

9 

13 

EO 

TTL compatible logic input. Enables the DET output when set to logic level zero and disables DET output 
when set to a logic level one. 

11 

14 

DET 

Detector output. TTL compatible logic output. A zero logic level Indicates that the selected detector was trig¬ 
gered (see Truth Table for selection of Ground Key detector. Loop Current detector or the Ring Trip detector). 
The DET output is an open collector with an Internal pull-up of approximately 15kQ to Vqq 

12 

15 

C2 

TTL compatible logic input. The logic states of Cl and C2 determine the operating states (Open Circuit, 
Active, Ringing or Standby) of the SLIC. 

13 

16 

Cl 

TTL compatible logic input. The logic states of Cl and C2 determine the operating states (Open Circuit, 
Active, Ringing or Standby) of the SLIC. 

14 

17 

Rdc 

DC feed current programming resistor pin. Constant current feed Is programmed by resistors Rdci and Rdc2 
connected in series from this pin to the receive summing node (RSN). The resistor junction point is decoupled 
to AGND to isolate the AC signal components. 

15 

18 

AGND 

Analog ground. 

16 

19 

RSN 

Receive Summing Node. The AC and DC current flowing into this pin establishes the metallic loop current 
that flows between tip and ring. The magnitude of the metallic loop current Is 1000 times greater than the 
current into the RSN pin. The constant current programming resistors and the networks for program receive 
gain and 2-wlre impedance all connect to this pin. 

18 

20 

Vee 

-5V power supply. 

19 

21 

Vtx 

Transmit audio output. This output is equivalent to the TIP to RING metallic voltage. The network for pro¬ 
gramming the 2-wire input impedance connects between this pin and RSN. 

20 

22 

HPR 

RING side of AC/DC separation capacitor Crp ■ Crp is required to properly separate the ring AC current from 
the DC loop current. The other end of Crp Is connected to HPT. 

21 

1 

HPT 

TIP side of AC/DC separation capacitor Crp- Crp is required to properly separate the tip AC current from 
the DC loop current. The other end of Crp is connected to HPR. 
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Pin Descriptions (continued) 


Loop current programming resistor. Resistor Rq sets the trigger level for the loop current detect circuit. A filter 
capacitor Cq is also connected between this pin and Vee- 


input to ring trip comparator. Ring trip detection is accomplished by connecting an external network to a 
comparator In the SLIC with inputs DT and DR. 


Input to ring trip comparator. Ring trip detection is accomplished by connecting an external network to a 
comparator in the SLIC with inputs DT and DR. 


TIPsense I Internally connected to output of tip power amplifier. 


Output of tip power amplifier. 


RINGX Output of ring power amplifier. 


No internal connection. 


HC5523 
(PDIP) 
TOP VIEW 



DESCRIPTION 
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Application Circuit 


:Crt ^Ri 


Chp (NOTE 32) 


1 SGT06U13I 
NOTE 31 I 


RINGING 

(VbAT + WVrms) 


ICtc JCrcI 


r.pH; 


VbAT Rsg 


21 HPT Ui 

HPR 20 

22 RD 

Vtx19 

23 DT 

Vee18 

25 DR 

RSN16 

27TIPX 

AGND15 

28 RINGX 

Rdc14 

2BGND 

Cl 13 

4Vcc 

C212 

5 RINGRLY 

BlTll 

6 Vbat 

Eo9 

7 Rsg 

El 8 



Rfb 

Rtx 

r Ua" 

: Is. 



Rb| 

Jisa 


► Rdci ' 


I CODEC/FILTER 


RdC2 Cdc -=r 


U1 SLIC (Subscriber Line interface Circuit) 
HC5523 

U2 Combination CODEC/Filter e.g. 

CD22354A or Programmabie CODEC/ 
Fiiter, e.g. SLAC 

Cdc 1.5hF,20%, 10V 
Chp lOnF, 20%, lOOV (Note 2 ) 

Crt 0.39^F,20%, 100V 
Ctc. Crc 2200pF, 20%, 100V 

Reiay Reiay, 2C Contacts, 5V Coil 
D 1 -D 4 Diode, 100V, 3A 
Surgector SGT06U13 

D 5 Diode, 1N4454 

Rfi, Rf 2 Line Resistor, 20Q, 1% Match 


Ri,R 3 200ki2, 5%, 1/4W 
R 2 910kO,5%, 1/4W 
R 4 1.2Ma5%, 1/4W 
Rb 18.7ki2,1%, 1/4W 
Rd 39kO, 5%, 1/4W 
RdCI. RdC 2 41.2kfl, 5%, 1/4W 
Rfb 20.0kft, 1%, 1/4W 
RrX 280W2, 1%, 1/4W 
Rj 562k«, 1 %, 1/4W 
Rjx 20 kO, 1 %, 1/4W 
RrT 1500, 5%, 2W 

Rsg Vbat = ■28V, Rsg = «> 

Vbat = “48V, Rsg = 4.0kO, 1/4W 5% 


31. The anodes of D 3 and D 4 may be connected directly to the Vbat supply if the application is exposed to only low energy transients. For 
harsher environments it is recommended that the anodes of D 3 and D 4 be shorted to ground through a transzorb or surgector. 

32. To meet the specified 25dB 2-wire return loss at 200Hz, Crp needs to be 20nF, 20%, 100V. 


FIGURE 21. APPLICATION CIRCUIT 
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SEMICONDUCTOR 


HC5526 


January 1997 


sue 

Subscriber Line Interface Circuit 


Features 

• Dl Monolithic High Voltage Process 

• Programmable Current Feed (20mA to 60mA) 

• Programmable Loop Current Detector Threshold and 
Battery Feed Characteristics 

• Ground Key and Ring Trip Detection 

• Compatible with Ericsson’s PBL3764 

• Thermal Shutdown 

• On-Hook Transmission 

• Wide Battery Voltage Range (-24V to -58V) 

• Low Standby Power 

• Meets CCiTT Transmission Requirements 

• -40^C to 85^C Ambient Temperature Range 

Applications 

• On-Premises (ONS) 

• Key Systems 

• PBX 

• Related Literature 

- AN9537, Operation of the HC5513/26 Evaluation 
Board 


Description 

The HC5526 is a subscriber line interface circuit is compliant 
with CCITT standards. Enhancements include immunity to 
circuit latch-up during hot plug and absence of false signal¬ 
ing in the presence of longitudinal currents. 

The HC5526 is fabricated in a High Voltage Dielectrically 
isolated (Dl) Bipolar Process that eliminates leakage cur¬ 
rents and device latch-up problems normally associated with 
Junction Isolated (Jl) ICs. The elimination of the leakage cur¬ 
rents results In improved circuit performance for wide tem¬ 
perature extremes. The latch free benefit of the Dl process 
guarantees operation under adverse transient conditions. 
This process feature makes the HC5526 ideally suited for 
use in harsh outdoor environments. 

Ordering Information 


PART NUMBER 

TEMP. 
RANGE (<’C) 

PACKAGE 

PKG. 

NO. 

HC5526CM 

0to70 

28 Ld PLCC 

N28.45 

HC5526CP 

0to70 

22 Ld PDIP 

E22.4 

HC5526IM 

-40 to 85 

28 Ld PLCC 

N28.45 

HC5526IP 

-40 to 85 

22 Ld PDIP 

E22.4 


Block Diagram 


RING RELAY 
DRIVER 


RING TRIP 
DETECTOR 



2-WIRE 

INTERFACE 


CAUTION: These devices are sensitive to electrostatic discharge. Users should foHow proper IC Handling Procedures. 
Copyright © Harris Corporation 1997 . 


File Number 4151.1 
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Absolute Maximum Ratings Thermal Information 

Operating Temperature Range. -40°C to 110°C Thermal Resistance (Typical, Note 1) 0jA (°CA/V) 

Power Supply (-40OC ^ Ta ^ 85 OC) 22 Lead PDIP Package. 53 

Supply Voltage Vcc to GND.0.5V to TV 28 Lead PLCC Package. 53 

Supply Voltage Vee to GND.-TV to 0.5V Continuous Dissipation at TO^C 

Supply Voltage Vbat to GND.-TOV to 0.5V 22 Lead PDIP Package.1.5W 

Ground 28 Lead PLCC Package.1.5W 

Voltage between AGND and BGND. -0.3V to 0.3V Package Power Dissipation at T0°C, t < 100ms, tpEP > 1s 

Relay Driver 22 Lead PDIP Package.4W 

Ring Relay Supply Voltage. OV to Vbat 75V 28 Lead PLCC Package.4W 

Ring Relay Current. 50mA Derate above. T0°C 

Ring Trip Comparator PDiP Package. 18.8mW/OC 

Input Voltage . Vbat to OV PLCC Package. 18.8mW/0C 

Input Current. • • • . .-5mA to 5mA Maximum Junction Temperature Range.-40°C to 150°C 

Digital Inputs, Outputs (Cl, C2, EO, El, DET) Maximum Storage Temperature Range.-65°C to 150°C 

Input Voltage .OV to Vcc Maximum Lead Temperature (Soldering 10s). 300°C 

Output Voltage (DET Not Active).OV to Vcc (PLCC - Lead Tips Only) 

Output Current (DET). 5mA 

Tipx and Ringx Terminals (-AO^C ^ Ta ^ e5°C) Characteristics 

Tipx or Ringx Voltage, Continuous (Referenced to GND) Vbat to 2V 

Tipx or Ringx, Pulse < 10ms, Trep > 10s .Vbat -20V to 5V Gate Count. 543 Transistors, 51 Diodes 

Tipx or Ringx, Pulse < lOps, Trep > 10s .Vrat '^OV to 10V 

Tipx or Ringx, Pulse < 250ns, Trep > 10s _Vrat ‘70V to 15V 

Tipx or Ringx Current.TOmA 

ESD Rating. 500V 

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 

NOTE: 

1. Oja Is measured with the component mounted on an evaluation PC board in free air. 


Typical Operating Conditions 

These represent the conditions under which the part was developed and are suggested as guidelines. 


Die Characteristics 

Gate Count. 


543 Transistors, 51 Diodes 


PARAMETER 


Case Temperature 


Vcc with Respect to AGND 


Vee with Respect to AGND 


Vbat with Respect to BGND 


CONDITIONS 


0°C to 70°C 


0®C to 70OC 


0°C to 70°C 



Electrical Specifications Ta = o°c to 70 °c, Vcc = 5V ± 5 %, Vee=-5V ± 5 %, Vrat = - 28 V, agnd = bgnd = ov, Rpci = Rdc 2 = 
41.2kO, Rq = 39kO, Rrq =««, Rpi = Rf2 = Grp = lOnF, Cqq = 1.5|xF, Z\_ = 6000, Unless Otherwise 
Specified. All pin number references in the figures refer to the 28 lead PLCC package. 


PARAMETER 


CONDITIONS 


Overload Level 

1% THD, Zl = 6000, (Note 2, Figure 1) 

Longitudinal Impedance (Tip/Ring) 

0 < f < 10OHz (Note 3, Figure 2) 




TIP 

Vtx 


27 

19 

Vtro 




RING 

RSN 


28 

16 


IVrms 
0<f< 100Hz 

El c 

2.16H 


i-j— 

TIP 

Vtx 

T 

27 

19 

Vt 






n 



" Vr 

1 



hL 

RING 

RSN 


28 

16 


LZt b Vt/At 


LZr^Vr/Ar 


FIGURE 1. OVERLOAD LEVEL (TWO-WIRE PORT) 


FIGURE 2. LONGITUDINAL IMPEDANCE 
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Electrical Specifications Ta = o°c to 70 °c, Vcc = sv ±5%, Vee = -5V ±5%, Vbat = - 28 V, agnd = bgnd = ov, Rpci = Rdc 2 = 
41.2k£2, Rq = 39kl2, Rsq = ^Fl = ^HP = ^ ^DC = ^ -5^^; Z|_ = 600^ Unless Othen/vise 

Specified. All pin number references in the figures refer to the 28 lead PLCC package. (Continued) 


PARAMETER 


LONGITUDINAL CURRENT LIMIT (TIP/RING) 


Off-Hook (Active) 


On-Hook (Standby), Rl = oo 


CONDITIONS 


2.161 


Itip 

RSN 

27 

16 

Rd 

RING 

Rdc 

28 _ 

DET 

14 


No False Detections, (Loop Current), 
LB > 45dB (Note 4, Figure 3A) 


No False Detections (Loop Current) 
(Note 5, Figure 3B) 


2.16hF:±C 


MIN TYP MAX UNITS 


20 mApEAK/ 
Wire 



fTlApEAK/ 

Wire 


RdC2 ^DC 
-Wf—*—I h-0-^ 

41.2kQ 1-5pF -=r 


.y 


TIP 

RSN 

27 

16 

Rd 

RING 

Rdc 

28 

deT 

14 


14l41.2ka i5^F 


FIGURE 3A. OFF-HOOK 


FIGURE 3B. ON-HOOK 


OFF-HOOK LONGITUDINAL BALANCE 


Longitudinal to Metallic 


Longitudinal to Metallic 


Metallic to Longitudinal 


Longitudinal to 4-Wire 


Metallic to Longitudinal 


4-Wire to Longitudinal 


FIGURE 3. LONGITUDINAL CURRENT LIMIT 


IEEE 455 -1985, Rlr. Rlt = 3680 
0.2kH2 < f < 4.0kHz (Note 6, Figure 4) 


RlR. Rlt = 3000,0.2kHz < f < 4.0kHz 
(Note 6, Figure 4) 


FCCPart 68, Para 68.310 
0.2kHz <f< 1.0kHz 


1.0kHz <f<4.0kHz (Note 7) 


0.2kHz < f < 4.0kHz (Note 8, Figure 4) 


Rlr. Rlt = 300O, 0.2kHz < f < 4.0kHz 
(Note 9, Figure 5) 


0.2kHz < f < 4.0kHz (Note 10, Figure 5) 



_L 2.16| 


TIP 

Vtx 

27 

19 

RING 

28 

RSN 

16 


2.16)lF 

t- 

± 


} - 

TIP 

Vtx 


27 

19 

Etr 






L 

RING 

RSN 


28 

16 


Rrx 

300kO 


FIGURE 4. LONGITUDINAL TO METALLIC AND 

LONGITUDINAL TO 4-WIRE BALANCE 


FIGURE 5. METALLIC TO LONGITUDINAL AND 4-WIRE TO 
LONGITUDINAL BALANCE 


2-Wire Return Loss 
Cf-ip — 20nF 


0.2kHz to 0.5kHz (Note 11, Figure 6) 


0.5kHz to 1 .OkHz (Note 11, Figure 6) 


1 .OkHz to 3.4kHz (Note 11, Figure 6) 
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Electrical Specifications Ta = o°c to 70 °c, Vcc = 5V ± 5 %, Vee = -5V ± 5 %, Vbat = - 28 V, agnd = bgnd = ov, Rqci = Rdc2 = 
41.2kI2, Rq = 39kO, Rsg = Rpi ~ Rf 2 “ ^HP “ ^ ^DC “ ^ •SjiF, Z[_ = 600^ Unless Othenvise 
Specified. All pin number references in the figures refer to the 28 lead PLCC package. (Continued) 


PARAMETER 


TIP IDLE VOLTAGE 


Active, II = 0 


Standby, II = 0 


RING IDLE VOLTAGE 


Active, II = 0 


Standby, II = 0 


4-WIRE TRANSMIT PORT (Vjx) 


Overload Level 


Output Offset Voltage 


CONDITIONS 



(Zl > 20kQ, 1% THD) (Note 12, Figure 7) 


Eq = 0, Zl =«», (Note 13, Figure 7) 


Output Impedance (Guaranteed by Design) 0.2kHz < f < 03.4kHz 


2- to 4-Wire (Metallic to Vjx) Voltage Gain 


Zd _ 



0.3kHz < f < 03.4kHz (Note 14, Figure 7) 


2 . 16 ^F 



TIP 

Vtx 

27 

19 

TtiNG 

RSN 

28 

16 


FIGURE 6. TWO-WIRE RETURN LOSS 


FIGURE 7. OVERLOAD LEVEL (4-WIRE TRANSMIT PORT), 
OUTPUT OFFSET VOLTAGE, 2-WIRE TO 4-WIRE 
VOLTAGE GAIN AND HARMONIC DISTORTION 


4-WIRE RECEIVE PORT (RSN) 


DC Voitage 


Rx Sum Node Impedance (Guaranteed by 
Design) 


Current Gain-RSN to Metallic 


FREQUENCY RESPONSE (OFF-HOOK) 


2-Wire to 4-Wire 


4-Wire to 2-Wlre 


4-Wire to 4-Wire 


INSERTION LOSS 


2-Wire to 4-Wire 


4-Wire to 2-Wire 


GAIN TRACKING (Ref s -lOdBm, at 1.0kHz) 


2-Wire to 4-Wire 


2-Wire to 4-Wire 


IrSN = 


0.3kHz < f < 3.4kHz 


0.3kHz < f < 3.4kHz (Note 15, Figure 8) 


OdBm at 1.0kHz, Erx = 0V 

0.3kHz < f < 3.4kHz (Note 16, Figure 9) 


OdBm at 1.0kHz, Eq^OV 

0.3kHz < f < 3.4kHz (Note 17, Figure 9) 


OdBm at 1.0kHz, Eg = 0V 

0.3kHz < f < 3.4kHz (Note 18, Figure 9) 


OdBm, 1kHz (Note 19, Figure 9) 


OdBm, 1kHz (Note 20, Figure 9) 


-40dBm to +3dBm (Note 21, Figure 9) 


-55dBm to -40dBm (Note 21, Figure 9) 
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Electrical Specifications Ta = o°c to 70®c, Vcc = 5V ±5%, Vee = -5V ± 5 %, Vbat = - 28 V, agnd = bgnd = ov, Rdci = Rdc2 = 
41.2ku Rd * 39kh, Rsg = «». Rpi = Rf2 = 0^ ^hr = 10nF, Cqc = 1 -SjiF, Zl = 600^ Unless Otherwise 
Specified. Ail pin number references in the figures refer to the 28 lead PLCC package. (Continued) 


PARAMETER 

CONDITIONS 


TYP 

MAX 

UNITS 

4-Wir0 to 2-Wire 

-40dBm to +3dBm (Note 22, Figure 9) 

-0.1 

- 

0.1 

dB 

4-Wire to 2-Wire 

-55dBm to -40dBm (Note 22, Figure 9) 

- 

±0.03 

- 

dB 


GRX « ((VjRr VTR2)(300k))/(-3)(600) 

Where: Vxri is the Tip to Ring Voitage with Vrsn “ OV 
and Vtr 2 is the Tip to Ring Voltage with Vrsn * ‘3V 


Vrsn-ov 


I TIP RSN I 
27 16l 


I RING RdcI 
28 14l 


Rrx 

AAA 

Vrsn 

^yyy— 

300ka 

< 

4 

:Rdci 

-41.2kD 

RdC2 

AAA 

Cqc 

41.2ka 

1.5nF ’ 




27 

’'TX 

19 

RING 

28 

RSN 

16 


FIGURE 8. CURRENT GAIN-RSN TO METALLIC 


1/{oC«Ri. L. 


FIGURE 9. FREQUENCY RESPONSE, INSERTION LOSS, 

GAIN TRACKING AND HARMONIC DISTORTION 


NOISE 


Idle Channel Noise at 2>Wire 


Idle Channel Noise at 4-Wire 


HARMONIC DISTORTION 


2-Wire to 4-Wire 


4-Wlre to 2-Wire 


BATTERY FEED CHARACTERISTICS 


Constant Loop Current Tolerance 


C-Message Weighting (Note 23, Figure 10) 


C-Message Weighting (Note 24, Figure 10) 


OdBm, 1kHz (Note 25, Figure 7) 


OdBm, 0.3kHz to 3.4kHz (Note 26, 
Figure 9) 


II = 2500/(Rdci + RdC2)» 


RdCX * 41.2kO 0®C to 70OC (Note 27) 


Loop Current Tolerance (Standby) 


Open Circuit Voltage (Vjip - Vrinq) 


LOOP CURRENT DETECTOR 


On-Hook to Off-Hook 


Off-Hook to On-Hook 


Loop Current Hysteresis 


GROUND KEY DETECTOR 


Tip/Ring Current Difference - Trigger 


Tip/Ring Current Difference - Reset 


Hysteresis 


iL=(VBAT-3)/(RL+1800), 
QOC to 70®C (Note 28) 


QOC to 70OC, (Active) 


RD = 39kQ,0®Cto 70°C 


RD*39kO,0OCto 70®C 


RD = 39kO,0°CtO 70°C 


(Note 29, Figure 11) 


(Note 29, Figure 11) 


(Note 29, Figure 11) 



372/Rd 465/Rd 558/Rd 


325/Rd 405/Rd 485/Rd 


25/Rd 60/Rd 95/Rd 
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Electrical Specifications Ta = o®c to 70 °c, Vcc = sv ±5%, Vee=-5V ± 5 %, Vbat = - 28 V, agnd = bond = ov. Rdci = Rdc 2 = 
41 .21^2, Rq = 39k^ Rsg = **• ^Fl = ^F2 “ ^HP * 10nF, Cqq *= 1 .5nF, Z\_ — 600Q, Unless Otherwise 
Specified. All pin number references in the figures refer to the 28 lead PLCC package. (Continued) 


PARAMETER 


CONDITIONS 



FIGURE 10. IDLE CHANNEL NOISE 


RING TRIP DETECTOR (DT, DR) 


Offset Voltage 


input Bias Current 


Input Common-Mode Range 


Input Resistance 


RING RELAY DRIVER 


VsAT 25mA 


Off-State Leakage Current 


DIGITAL INPUTS (EO, El, Cl, C2) 


Input Low Voltage, V|l 


Input High Voltage, V|h 


Input Low Current, I|l: Cl, C2 


Input Low Current, I|l: EO, El 


Input High Current 


DETECTOR OUTPUT (DET) 


Output Low Voltage, Vql 


Output High Voltage, Vqh 


internal Pull-Up Resistor 


POWER DISSIPATION 


Open Circuit State 


On-Hook, Standby 


On-Hook, Active 


Off-Hook, Active 


Source Res = 0 


Source Res = 0 


Source Res = 0 


Source Res » 0, Balanced 


Iql = 25mA 


Vqh = 12V 


V|L = 0.4V 


ViL = 0.4V 


V|H = 2.4V 


Iql = 2mA 


l0H = lOOjXA 


Cl = C2 = 0 


Cl = C2 *= 1 


Cl = 0, C2 = 1, Rl = High Impedance 


Rl = 0O 


Rl = 300Q 


Rl = 6000 
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Electrical Specifications Ta= o°c to 70 °c, Vcc =5V ± 5 %, Vee= -sv ± 5 %, Vbat = - 28 V, agnd = bgnd = ov, Rdci = Rocz = 

41.2kii2, Rq = 39k^ Rsg “ ^Fl - Rf 2 = ^HP “ 10nF^ Cqq = 1.5p,F, Zl = SOOfli, Unless Othenwise 
Specified. All pin number references in the figures refer to the 28 lead PLCC package. (Continued) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

TEMPERATURE GUARD 

Thermal Shutdown 


150 

- 

180 

OC 

SUPPLY CURRENTS (Vbat = ■28V) 

IqC, On-Hook 

Open Circuit State (Cl, 2 = 0, 0) 

- 


1.5 

mA 

Standby State (Cl, 2 = 1,1) 

- 


1.7 

mA 

Active State (Cl, 2 = 0,1) 

" 


5.5 

mA 

IgE, On-Hook 

Open Circuit State (Cl, 2 = 0, 0) 

- 


0.8 

mA 

Standby State (Cl, 2= 1,1) 

- 


0.8 

mA 

Active State (Cl, 2 = 0,1) 

- 


2.2 

mA 

Ibat» On-Hook 

Open Circuit State (Cl, 2 = 0, 0) 

- 


0.4 

mA 

Standby State (Cl, 2 = 1,1) 

- 


0.6 

mA 

Active State (Cl, 2 = 0,1) 

- 


3.9 

mA 

PSRR 

Vcc to 2 or 4-Wire Port 

(Note 30, Figure 12) 

- 

40 

- 

dB 

VgE to 2 or 4-Wire Port 

(Note 30, Figure 12) 

- 

40 

- 

dB 

Vbat to 2 or 4-Wire Port 

(Note 30, Figure 12) 

- 

40 

- 

dB 



FIGURE 12. POWER SUPPLY REJECTION RATIO 


Circuit Operation and Design Information 


The HC5526 is a current feed voltage sense Subscriber Line 
Interface Circuit (SLIC). This means that for short loop 
applications the SLiC provides a programmed constant 
current to the tip and ring terminals while sensing the tip to 
ring voltage. 

The following discussion separates the SLIC’s operation into 
its DC and AC path, then follows up with additional circuit 
and design information. 


Constant Loop Current (DC) Path 

SLIC in the Active Mode 

The DC path establishes a constant loop current that flows 
out of tip and into the ring terminal. The loop current is pro¬ 
grammed by resistors Rdqi , Rdc2 *he voltage on the 
Rdc P'f' (FiQure 13). The Bqq voltage Is determined by the 
voltage across R-i in the saturation guard circuit. Under 
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FIGURE 13. DC LOOP CURRENT 


constant current feed conditions, the voltage drop across 
sets the Roc voltage to -2.5V. This occurs when current 
flows through R-| into the current source I 2 . The Rpc voltage 
establishes a current (Irsn) equal to Vp 0 q/(Rqqi 

+Rdc 2 )* This current is then multiplied by 1000 , in the loop 
current circuit, to become the tip and ring loop currents. 

For the purpose of the following discussion, the saturation 
guard voltage is defined as the maximum tip to ring voltage 
at which the SLIC can provide a constant current for a given 
battery and overhead voltage. 

For loop resistances that result in a tip to ring voltage less 
than the saturation guard voltage the loop current Is defined 
as: 


'L ~ R J. R ' 
”DC1 ^ ^D02 


where: II = Constant loop current. 

Rpci SRcl Rdc 2 = Loop current programming resistors. 

Capacitor Cqo between Rqqi and Rdc 2 removes the VF 
signals from the battery feed control loop. The value of Cqq 
is determined by Equation 2: 


CDC = Txr^+ 1 
^dc 


Vbat - -^SV, II - 23mA, Rsg » 21.4kn 

SATURATION -*• Vjip 

GUARD VOLTAGE 1 ■—] 


CONSTANT CURRENT 
FEED REGION 


RESISTIVE FEED 
REGION 


SATURATION I 

.50 guard VOLTAGE_j_j Vr.nq 

0 1.2K oo 

LOOP RESISTANCE (Q) 

FIGURE 14. VtrvsRl 

Figure 15 shows the relationship between the saturation 
guard voltage, the loop current and the loop resistance. Notice 
from Figure 15 that for a loop resistance <1.2kt2 (Rsg = 
21.4kn) the SLIC is operating in the constant current feed 
region and for resistances >1.2ld2 the SLIC is operating in the 
resistive feed region. Operation in the resistive feed region 
allows long loop and off-hook transmission by keeping the tip 
and ring voltages off the rails. Operation in this region is trans¬ 
parent to the customer. 

50- 


mmm i 


where T = 30ms 

The minimum Cqc value is obtained if Rpci = RdC 2 

Figure 14 illustrates the relationship between the tip to ring 
voltage and the loop resistance. For a OQ loop resistance 
both tip and ring are at Vbat/2. As the loop resistance 
increases, so does the voltage differential between tip and 
ring. When this differential voltage becomes equal to the sat¬ 
uration guard voltage, the operation of the SLIC’s loop feed 
changes from a constant current feed to a resistive feed. The 
loop current In the resistive feed region is no longer constant 
but varies as a function of the loop resistance. 





CURRENT 

ON 

»N GUARD 
^TR - 38V 



SATURATION GUARD 
VOLTAGE, Vtr s 13V 


10 20 30 

LOOP CURRENT (mA) 


<1.2kQ RRSG = 21.4kn 
<4000 RrsG * 


FIGURE 15. Vtr vs II. and Rl 
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The Saturation Guard circuit (Figure 13) monitors the tip to 
ring voltage via the transconductance amplifier Ai. Ai gen¬ 
erates a current that is proportional to the tip to ring voltage 
difference. Ii is internally set to sink all of Ai’s current until 
the tip to ring voltage exceeds 12.5V. When the tip to ring 
voltage exceeds 12.5V (with no Rsq resistor) Ai supplies 
more current than li can sink. When this happens A 2 ampli¬ 
fies its Input current by a factor of 12 and the current through 
Rl becomes the difference between i 2 and the output cur¬ 
rent from A 2 . As the current from A 2 increases, the voltage 
across Ri decreases and the output voltage on Rqq 
decreases. This results in a corresponding decrease in the 
loop current. The Rsq pin provides the ability to Increase the 
saturation guard reference voltage beyond 12.5V. Equation 3 
gives the relationship between the Rsg resistor value and 
the programmable saturation guard reference voltage: 

„ _„,^5.10® {EQ.3) 

VsGREF - 


Vsgref = Saturation Guard reference voltage. 

Rsg = Saturation Guard programming resistor. 

When the Saturation guard reference voltage is exceeded, 
the tip to ring voltage is calculated using Equation 4: 

16.66 + 5 •IoVRq- 


sue in the Standby Mode 

Overall system power is saved by configuring the SLIC in the 
standby state when not in use. In the standby state the tip 
and ring amplifiers are disabled and internal resistors are 
connected between tip to ground and ring to Vbat This con¬ 
nection enables a loop current to flow when the phone goes 
off-hook. The loop current detector then detects this current 
and the SLIC is configured in the active mode for voice 
transmission. The loop current in standby state is calculated 
as follows: 

I ~ Kbat|- 3V gj 

L~Rl + 1800Q 


II = Loop current in the standby state. 
Rl = Loop resistance. 

Vbat = Battery voltage. 


(AC) Transmission Path 

SLIC in the Active Mode 


W - D V _ 

Vtr- + + 


Figure 16 shows a simplified AC transmission model. Circuit 
analysis yields the following design equations: 

VTn=VTy + lM*2Rp (EQ.9) 


VjR = Voltage differential between tip and ring. 

Rl = Loop resistance. 

For on-hook transmission Rl = «>, Equation 4 reduces to: 
v„ = 16.66 + 5^ <EQ-5) 

The value of Rsg should be calculated to allow maximum 
loop length operation. This requires that the saturation guard 
reference voltage be set as high as possible without clipping 
the incoming or outgoing VF signal. A voltage margin of -4V 
on tip and -4V on ring, for a total of -8V margin, is recom¬ 
mended as a general guideline. The value of Rsg is calcu¬ 
lated using Equation 6: 




" ^margin) + 


Vbat = Battery voltage. 

Vmargin = Recommended value of - 8 V to allow a maximum 
overload level of 3.1V peak. 


VjR = Is the AC metallic voltage between tip and ring, 
including the voltage drop across the fuse resistors Rp. 

Vtx = Is the AC metallic voltage. Either at the ground refer¬ 
enced 4-wire side or the SLIC tip and ring terminals. 

Im = Is the AC metallic current. 

Rp = Is a fuse resistor. 

Zj = Is used to set the SLIC’s 2-wire impedance. 

Vrx = Is the analog ground referenced receive signal. 

Zrx = Is used to set the 4-wire to 2-wire gain. 

Eq = Is the AC open circuit voltage. 

Zl = Is the line impedance. 

(AC) 2-Wire Impedance 

The AC 2-wlre impedance (Zjr) is the Impedance looking 
into the SLIC, including the fuse resistors, and is calculated 
as follows: 


For on-hook transmission Rl = «>, Equation 6 reduces to: Let Vrx = 0. Then from Equation 10 


I'^BAtI - ^MARGIN ~ 16 . 66 V 
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FIGURE 16. SIMPLIFIED AC TRANSMISSION CIRCUIT 


Zjp is defined as: 




Substituting in Equation 9 for Vjr 


^TR = -i: 


Substituting in Equation 12for Vjx 


TR 1000 ^ 

Therefore 

Zj = 1000*(Ztr-2Rp) (EQ- *•6) 

Equation 16 can now be used to match the SLIC’s imped¬ 
ance to any known line impedance (Zjr). 

EXAMPLE: 

Calculate Zj to make Zjr = 600^2 in series with 2.16pR 
Rp = 20a 


Zj = 1000*^600 + - 


^ ja)*2.16*10'' ^ 

Zj = 560ki2 in series with 2.16nF 
(AC) 2-Wire to 4-Wire Gain 
The 2-wire to 4-wire gain is equal to Vjy/ Vjr 
F rom Equations 9 and 10 with Vrx = 0 
Vjx Zj/1000 

^2-4 " "" Zj/1000 + 2Rp 

(AC) 4-Wire to 2-Wire Gain 

The 4-wire to 2-wire gain is equal to VjrA/rx 

From Equations 9,10 and 11 with Eq = 0 


1000 F L 

For applications where the 2-wire Impedance (Zjr, 
Equation 15) is chosen to equal the line impedance (Z|_), the 
expression for A 4.2 simplifies to: 

A --iL.l (eQ.19) 


(AC) 4-Wire to 4-Wlre Gain 

The 4-wlre to 4-wire gain is equal to VjxA/rx 

From Equations 9,10 and 11 with Eq = 0 

Vtx Zj Zl + 2Rf 

*4-4 - ^ -zZ (EQ. 20) 


Ttanshybrid Circuit 

The purpose of the transhybrid circuit is to remove the 
receive signal (Vrx) from the transmit signal (Vjx), thereby 
preventing an echo on the transmit side. This is accom¬ 
plished by using an external op amp (usually part of the 
CODEC) and by the inversion of the signal from the 4-wire 
receive port (RSN) to the 4-wire transmit port (Vjx). Figure 
17 shows the transhybrid circuit. The input signal will be sub¬ 
tracted from the output signal if li equals \ 2 - Node analysis 
yields the following equation: 

^ + ^^ = 0 (EQ.21) 

Rtx Zb ■ 

The value of Zr is then 


Zb = -Rtx-^ 

Where VrxA/jx equals 1/ A 4.4 
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Therefore 

Zj 

, „ Zrx iOOO^^^F^^L (EQ-23) 

^B= ^TX'-gir* Zl + 2Rp 

Example: 

Given: Rjx = 20kQ, Zrx = 280kQ, Zj = 562kfl (standard 
value), Rp = 20Q and Zi = 600il 

The value of Zq = 18.7kil 


Rfb 



CODEC/ 

FILTER 


FIGURE 17. TRANSHYBRID CIRCUIT 

Supervisory Functions 

The loop current, ground key and the ring trip detecto r out- 
puts are multiplexed to a single logic output pin called DET. 
See Table 1 to determine the active detector for a given logic 
input. For further discussion of the logic circuitry see section 
titled “Digital Logic inputs”. 

Before proceeding with an explanation of the loop current 
detector, ground key detector and later the longitudinal imped¬ 
ance, it Is important to understand the difference between a 
“metallic” and “longitudinal” loop currents. Figure 18 illustrates 
3 different types of loop current encountered. 

Case 1 illustrates the metallic loop current. The definition of 
a metallic loop current is when equal currents flow out of tip 
and into ring. Loop current is a metallic current. 

Cases 2 and 3 illustrate the longitudinal loop current. The 
definition of a longitudinal loop current is a common mode 
current, that flows either out of or into tip and ring simulta¬ 
neously. Longitudinal currents In the on-hook state result in 
equal currents flowing through the sense resistors R^ and 
R 2 (Figure 18). And longitudinal currents in the off-hook 
state result in unequal currents flowing through the sense 
resistors Ri and R 2 . Notice that for case 2, longitudinal cur¬ 
rents flowing away from the SLIC, the current through Ri is 
the metallic loop current plus the longitudinal current; 
whereas the current through R 2 is the metallic loop current 
minus the longitudinal current. Longitudinal currents are 
generated when the phone line is influenced by magnetic 
fields (e.g. power lines). 


Loop Current Detector 

Figure 18 shows a simplified schematic of the loop current 
and ground key detectors. The loop current detector works 
by sensing the metallic current flowing through resistors Ri 
and R 2 . This results In a current (Ird) out of the transcon¬ 
ductance amplifier (gm-j) that is equal to the product of grn-i 
and the metallic loop current. Irq then flows out the Rq pin 
and through resistor Rq to V^e. The value of Ird is equal to: 

, _ |•TIP"'RINGl _ *1 (EQ. 24) 

RD = 600 ~ 300 

The Ird current results in a voltage drop across Rd that is 
compared to an internal 1.25V reference voltage. When the 
voltage drop across Rd exceeds 1.2 5V, an d the logic Is con¬ 
figured for loop current detection, the DET pin goes low. 

The hysteresis resistor Rr adds an additional voltage effec¬ 
tively across Rd, causing the on-hook to off-hook threshold 
to be slightly higher than the off-hook to on-hook threshold. 

Taking into account the hysteresis voltage, the typical value 
of Rd for the on-hook to off-hook condition is: 

Rd = i -- (EQ- 25) 

'ON-HOOK to OFF-HOOK 

Taking into account the hysteresis voltage, the typical value 
of Rd for the off-hook to on-hook condition is: 

R. = 5 -375- (EQ. 26) 

'OFF-HOOK to ON-HOOK 

A filter capacitor (Cd) in parallel with Rd will improve the 
accuracy of the trip point in a noisy environment. The value 
of this capacitor is calculated using the following Equation: 



where: T = 0.5ms 

Ground Key Detector 

A simplified schematic of the ground key detector Is shown 
in Figure 18. Ground key, is the process in which the ring ter¬ 
minal is shorted to ground for the purpose of signaling an 
Operator or seizing a phone line (between the Central Office 
and a Private Branch Exchange). The Ground Key detector 
is activated when unequal current flow through resistors R^i 
and R 2 . This results in a current (Iqk) out of the transcon¬ 
ductance amplifier (gm 2 ) that is equal to the product of gm 2 
and the differential (Ijip -Irinq) loop current. If Iqk's loss 
than the internal current source (I 1 ), then diode D-| is on and 
the output of the ground key comparator is low. If Iqk is 
greater than the internal current source (ii), then diode D 2 is 
on and the output of the ground key comparator is high. With 
the output of the ground key compar ator h igh, and the logic 
configured for ground key detect, the DET pin goes low. The 
ground key detector has a built in hysteresis of typically 5mA 
between its trigger and reset values. 
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CASE 1 CASE 2 CASE 3 
ImETALUC kjONOrrUDINAL (longitudinal 


ImETALUC I luONGrrUDINAL I llONGrrUDINAL 



FIGURE 18. LOOP CURRENT AND GROUND KEY DETECTORS 


Ring Trip Detector 

Ring trip detection is accomplished with the internal ring trip 
comparator and the external circuitry shown In Figure 19. 
The process of ring trip is initiated when the logic input pins 
are in the following states: EO = 0, El = 1/0, C1 =1 and 
C2 = 0. This lo gic condition connects the ring trip compara¬ 
tor to the DET output, and causes the Ringriy pin to energize 
the ring relay. The ring relay connects the tip and ring of the 
phone to the external circuitry in Figure 19. When the phone 
is o n-hoo k the DT pin is more positive than the DR pin and 
the DET output is hig h. Fo r off-hook conditi ons D R is more 
positive than DT and DET goes low. When DET goes low, 
indicating that the phone has gone off-hook, the SLIC is 
commanded by the logic inputs to go Into the active state. In 
the active state, tip and ring are once again connected to the 
phone and normal operation ensues. 

Figure 19 illustrates battery backed unbalanced ring Injected 
ringing. For tip injected ringing just reverse the leads to the 
phone. The ringing source could also be balanced. 

NOTE: The DET output will toggle at 20Hz because the DT input is 
not completely filtere d by Crj. Software can examine the duty cycle 
and determine if the DET pin is low for more that half the time, if so 
the off-hook condition is indicated. 


Ra'^t "’fox: 


' RING TRIP 
I COMPARATOR 


Longitudinal Impedance 

The feedback loop described In Figure 20(A, B) realizes the 
desired longitudinal impedances from tip to ground and from 
ring to ground. Nominal longitudinal impedance is resistive 
and In the order of 22D. 

In the presence of longitudinal currents this circuit attenu¬ 
ates the voltages that would otherwise appear at the tip and 
ring terminals, to levels well within the common mode range 
of the SLID. In fact, longitudinal currents may exceed the 
programmed DC loop current without disturbing the SLiC’s 
VF transmission capabilities. 

The function of this circuit is to maintain the tip and ring volt¬ 
ages symmetrically around Vbat/2 . in the presence of longi¬ 
tudinal currents. The differential transconductance amplifiers 
Gj and Gr accomplish this by sourcing or sinking the 
required current to maintain Vq at Vbat/2 . 

When a longitudinal current is injected onto the tip and ring 
inputs, the voltage at Vq moves from it's equilibrium value 
Vbat/ 2. When Vq changes by the amount AVq, this change 
appears between the input terminals of the differential 
transconductance amplifiers Gj and Gr. The output of Gj 
and Gr are the differential currents Al-i and Ai 2 , which in 
turn feed the differential inputs of current sources ij and Ir 
respectively. \j and Ir have current gains of 250 single 
ended and 500 differentially, thus leading to a change in \j 
and Ir that Is equal to 500(A|) and 500(Al2). 

The circuit shown In Figure 20(B) illustrates the tip side of 
the longitudinal network. The advantages of a differential 
input current source are: improved noise since the noise due 
to current source 2lo is now correlated, power savings due 
to differential current gain and minimized offset error at the 
Operational Amplifier inputs via the two 5kQ resistors. 


FIGURE 19. RING TRIP CIRCUIT FOR BATTERY BACKED RINGING 
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FIGURE 20A. FIGURE 20B. 

FIGURE 20. LONGITUDINAL IMPEDANCE NETWORK 


Digital Logic Inputs 

Table 1 is the logic truth table for the TTL compatible logic 
input pins. The HC5526 has two enable inputs pins (EO, El) 
and two control inputs pins (C1, C2). 

The enable pin E O is used to enable or disable the DET out¬ 
put pin. The DET pin is enabled if EO is at a logic level 0 and 
disabled if EO is at a logic level 1. 

The enable pin El gates the ground key detector to the DET 
output with a l ogic level 0, and gates the loop or ring trip 
detector to the DET output with a logic level 1. 

A combination of the control pins C1 and C2 is used to 
select 1 of the 4 possible operating states. A description of 
each operating state and the control logic follow: 

Open Circuit State (Cl s 0, C2 = 0) 

In this state the SLIC is effectively off. All detectors and both 
the tip and ring line drive amplifiers are powered down, pre¬ 
senting a high impedance to the line. Power dissipation is at 
a minimum. 

Active State (Cl = 0, C2 = 1) 

The tip output is capable of sourcing ioop current and for 
open circuit conditions is about -4V from ground. The ring 
output is capable of sinking loop current and for open circuit 
conditions is about Vbat signal transmission is nor¬ 

mal. The loop current and ground key detectors are both 
activ e, EO and El determine which detector is gated to the 
DET output. 


Ringing State (Cl s 1, C2 = 0) 

The ring relay driver and the ring trip detector are activated. 
Both the tip and ring line drive amplifiers are powered down. 
Both tip and ring are disconnected from the line via the 
external ring relay. 

Standby State (Cl = 1, C2 s 1) 

Both the tip and ring line drive amplifiers are powered down. 
Internal resistors are connected between tip to ground and ring 
to Vbat allow loop current detect in an off-hook condition. 
The loop current and ground key detectors are both active, EO 
and E1 determine which detector is gated to the DET output. 

AC Transmission Circuit Stability 

To ensure stability of the AC transmission feedback loop two 
compensation capacitors Cjc and Crq are required. 
Figure 21 (Application Circuit) Illustrates their use. Recom¬ 
mended value is 2200pF. 

AC-DC Separation Capacitor, Cup 

The high pass filter capacitor connected between pins HPT 
and HPR provides the separation between circuits sensing 
tip to ring DC conditions and circuits processing AC signals. 
A lOnf Chp will position the low end frequency response 
3dB break point at 48Hz. Where: 

(EQ. 28) 


'SdB (2.b.Rhp*Chp) 

Where Rhp = 330kn 
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sue Operating States 


TABLE 1. LOGIC TRUTH TABLE 



C2 sue OPERATING STATE 


0 Open Circuit 


Active 


0 Ringing 


Standby 


ACTIVE DETECTOR 


No Active Detector 


Ground Key Detector 


No Active Detector 


Ground Key Detector 


Logic Level High 


Ground Key Status 


Logic Level High 


Ground Key Status 



0 I Open Circuit 


Active 


0 Ringing 


Standby 


No Active Detector 


Loop Current Detector 


Ring Trip Detector 


Loop Current Detector 


Logic Level High 


Loop Current Status 


Ring Trip Status 


Loop Current Status 



0 Open Circuit 


Active 


0 Ringing 


Standby 


No Active Detector 


Ground Key Detector 


No Active Detector 


Ground Key Detector 




0 

Open Circuit 

No Active Detector 

1 

Active 

Loop Current Detector 

0 

Ringing 

Ring Trip Detector 

1 

Standby 

Loop Current Detector 



Thermal Shutdown Protection 

The HC5526’s thermal shutdown protection Is invoked if a 
fault condition on the tip or ring causes the temperature of 
the die to exceed 160°C. If this happens, the SLIC goes into 
a high impedance state and will remain there until the tem¬ 
perature of the die cools down by about 20®C. The SLIC will 
return back to its normal operating mode, providing the fault 
condition has been removed. 

Surge Voltage Protection 

The HC5526 must be protected against surge voltages and 
power crosses. Refer to “Maximum Ratings” TIPX and 
RINGX terminals for maximum allowable transient tip and 
ring voltages. The protection circuit shown In Figure 20 uti¬ 
lizes diodes together with a clamping device to protect tip 
and ring against high voltage transients. 

Positive transients on tip or ring are clamped to within a 
couple of volts above ground via diodes Di and D 2 . Under 
normal operating conditions and D 2 are reverse biased 
and out of the circuit. 

Negative transients on tip and ring are clamped to within a 
couple of volts below ground via diodes D 3 and D 4 with the 
help of a Surgector. The Surgector is required to block 
conduction through diodes D 3 and D 4 under normal 
operating conditions and allows negative surges to be 
returned to system ground. 


In applications where only low energy transients (<300V) are 
possible, diodes D 3 and D 4 could be connected to Vbat» 
eliminating the requirement of the Surgector. Caution should 
be used with this application. Be aware that: surge 
protection is for low level transients only and will subject the 
batteries to negative voltage surges. 

The fuse resistors (Rp) serve a dual purpose of being non¬ 
destructive power dissipaters during surge and fuses when 
the line in exposed to a power cross. 

Power-Up Sequence 

The HC5526 has no required power-up sequence. This is a 
result of the Dielectrically Isolated (DI) process used in the 
fabrication of the part. By using the DI process, care is no 
longer required to insure that the substrate be kept at the 
most negative potential as with junction isolated ICs. 

Printed Circuit Board Layout 

Care in the printed circuit board layout is essential for proper 
operation. All connections to the RSN pin should be made 
as close to the device pin as possible, to limit the interfer¬ 
ence that might be Injected into the RSN terminal. It is good 
practice to surround the RSN pin with a ground plane. 

The analog and digital grounds should be tied together at 
the device. 
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NOTES: 


2. Overload Level (Two-Wire port)-The overload level Is speci¬ 
fied at the 2-wlre port (Vjro) with the signal source at the 
4-wire receive port (Erx)- Idcmet * 23mA, Increase the ampli¬ 
tude of Erx until 1% THD is measured at Vtro- Reference 
Figure 1. 

3. Longitudinal Impedance-The longitudinal impedance is com¬ 
puted using the following equations, where TIP and RING volt¬ 
ages are referenced to ground, Lzj. Lzr, Vj, Vr, Ar and Af are 
defined in Figure 2. 

(TIP)L2j*VT/Ar 

(RING) Lzr = Vr/Ar 

where: El = 1 Vrms (OHz to 100Hz) 

4. Longitudinal Current Limit (Off-Hook Active) - Off - Hook (Ac¬ 
tive, C-j = 1, Cz = 0) longitudinal current limit is determined by 
increasing the amplitude of El (Figure 3A) until the 2-wire 
longitudinal balance drops below 45dB. DET pin remains low 
(no false detection). 

5. Longitudinal Current Limit (On-Hook Standby) - On - Hook 
(Active, Cl = 1, Cz = 1) longitudinal current limit is determined 
by increasing the amplitude of El (Figu re 3B ) until the 2-wire 
longitudinal balance drops below 45dB. DET pin remains high 
(no false detection). 

6. Longitudinal to Metallic Balance- The longitudinal to metallic 
balance is computed using the following equation: 

BLME s= 20 • log (El/Vjr), where: El and VfR are defined In 
Figure 4. 

7. Metallic to Longitudinal FCC Part 68, Para 68.310 - The me¬ 
tallic to longitudinal balance is defined in this spec. 

8. Longitudinal to Four-Wire Balance-The longitudinal to 4-wire 
balance is computed using the following equation: 

BLFE = 20 • log (El/Vtx).: El ^i^d Vjx are defined in Figure 4. 

9. Metallic to Longitudinal Balance-The metallic to longitudinal 
balance is computed using the following equation: 

BMLE = 20 • log (Ejr/Vl), Erx = 0 

where: Ejr^ Vl and Erx are defined in Figure 5. 

10. Four-Wire to Longitudinal Balance - The 4-wire to longitudinal 
balance is computed using the following equation: 

BFLE s 20 • log (Erx/Vl), Ejr = source Is removed, 
where: Erx, Vl and Ejr are defined in Figure 5. 

11. Two-Wire Return Loss-The 2-wire return loss Is computed 
using the following equation: 

r*-20•log (2 Vm/Vs) 

where: Zq = The desired Impedance; e.g., the characteristic 
impedance of the line, nominally 600i2. (Reference Figure 6). 

12. Overload Level (4-Wire port) - The overload level is specified 
at the 4-wire transmit port (Vjxo) with the signal source (Eq) at 
the 2-wire port, Idcmet = 23mA, Zl = 20kO (Reference Figure 
7). Increase the amplitude of Eq until 1% THD is measured at 
Vtxo- Note that the gain from the 2-wire port to the 4-wire port 
is equal to 1. 

13. Output Offset Voltage-The output offset voltage is specified 
with the following conditions: Eq = 0, iocMET - 23mA, Zl - 
and is measured at Vjx- Eq. Idcmet. Vjx ®nd Zl are defined 
in Figure 7. Note: IpcMET's established with a series 600Q 
resistor between tip and ring. 


14. Two-Wire to Four-Wire (Metallic to VTX) Voltage Gain - The 
2-wlre to 4-wlre (metallic to Vyx) voltage gain is computed using 
the following equation. 

Gz-4 = (Vjx^Vjr), Eq = OdBmO, Vjx* Vjr, and Eq are defined 
in Figure 7. 

15. Current Gain RSN to Metallic - The current gain RSN to Metal¬ 
lic is computed using the following equation: 

K = Im KRdCI + RDC2y(VRDC ' Vrsn)] K, Im, RdCI. RdC2. 
Vrdc Vrsn are defined in Figure 8. 

16. Two-Wire to Four-Wire Frequency Response - The 2-wlre to 
4-wire frequency response is measured with respect to Eq = OdBm 
at 1 .OkHz, Erx = OV, IpCMET = 23mA. The frequency response is 
computed using the following equation: 

Fz .4 = 20 • log (Vtx/Vtr), vary frequency from 300Hz to 
3.4kHz and compare to 1kHz reading. 

Vtx. Vjr, and Eq are defined in Figure 9 . 

17. Four-Wire to Two-Wire Frequency Response - The 4-wire to 
2-wire frequency response is measured with respect to Erx = 
OdBm at 1.0kHz, Eq = OV, IpcMET - 23mA. The frequency 
response is computed using the following equation: 

F4.Z = 20 • log (Vjr/Erx), vary frequency from 300Hz to 
3.4kHz and compare to 1kHz reading. 

Vjr and Erx are defined in Figure 9. 

18. Four-Wire to Four-Wire Frequency Response - The 4-wire to 
4-wire frequency response is measured with respect to Erx - 
OdBm at 1.0kHz, Eq = OV, IpcMET = 23mA, The frequency 
response is computed using the following equation: 

F4.4 - 20 • log (Vjx/Erx), vary frequency from 300Hz to 
3.4kHz and compare to 1 kHz reading. 

Vjx and Erx are defined in Figure 9. 

19. Two-Wire to Four-Wire Insertion Loss-The 2-wire to 4-wlre 
insertion loss is measured with respect to Eq = OdBm at 1 .OkHz 
input signal, Erx = 0, IpCMET = 23mA and is computed using 
the following equation: 

Lz.4-20.log(Vjx/VjR) 

where: Vjx, Vjr, and Eq are defined in Figure 9 . (Note: The 
fuse resistors, Rp, impact the insertion loss. The specified 
Insertion loss Is for Rp = 0). 

20. Four-Wire to Two-Wire Insertion Loss-The 4-wire to 2-wire 
insertion loss is measured based upon Erx - OdBm, 1.0kHz 
input signal, Eq » 0, Idcmet = 23mA and is computed using 
the following equation: 

L4.Z = 20 • log (Vjr/Erx) 

where: Vjr and Erx are defined in Figure 9. 

21. Two-Wire to Four-Wire Gain Tracking-The 2-wire to 4-wire 
gain tracking is referenced to measurements taken for Eq = 
-lOdBm, 1 .OkHz signal, Erx = 0, Idcmet “ 23mA and Is com¬ 
puted using the following equation. 

Gz .4 = 20 • log (Vjx/Vjr) vary amplitude -40dBm to +3dBm, or 
-55dBm to -40dBm and compare to -lOdBm reading. 

Vjx and Vjr are defined in Figure 9. 

22. Four-Wire to Two-Wire Gain Tracking-The 4-wire to 2-wire 
gain tracking is referenced to measurements taken for Erx = 
-lOdBm, 1.0kHz signal, Eq = 0, IpCMET = 23mA and Is com¬ 
puted using the following equation: 

G4.Z = 20 • log (Vjr/Erx) vary amplitude -40dBm to +3dBm, 
or -55dBm to -40dBm and compare to -lOdBm reading. 

Vjr and Erx are defined in Figure 9 . The level is specified at the 
4-wire receive port and referenced to a 600G impedance level. 
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23. Two-Wire Idle Channel Noise -The 2-wire idle channel noise 
at VjR is specified with the 2-wire port terminated in 6000 (Rl) 
and with the 4-wire receive port grounded (Reference 
Figure 10). 

24. Four-Wire Idle Channel Noise -The 4-wire idle channel noise 
at Vjx is specified with the 2-wlre port terminated In 6000 (RJ. 
The noise specification is with respect to a 6000 impedance 
level at Vjx- The 4-wire receive port is grounded (Reference 
Figure 10). 

25. Harmonic Distortion (2-Wire to 4-Wire) - The harmonic distor¬ 
tion Is measured with the following conditions. Eq = OdBm at 
1kHz, Idcmet * 23mA. Measurement taken at Vjx- (Reference 
Figure 7). 

26. Harmonic Distortion (4-Wire to 2-Wire) - The harmonic distor¬ 
tion is measured with the following conditions. Erx = OdBmO. 
Vary frequency between 300Hz and 3.4kHz, Idcmet = 23mA. 
Measurement taken at Vjr. (Reference Figure 9). 


27. Constant Loop Current -The constant loop current Is calcu¬ 
lated using the following equation: 

ll_ = 2500 / (Rdci + RdC2) 

28. Standby State Loop Current -The standby state loop current 
is calculated using the following equation: 

II = [IVbatI * 3] / [Rl +1800], Ta = 25 OC 

29. Ground Key Detector - (TR IGGER) Increase the Input current 
to 8mA and verify that DET goes low. 

(RESET) Decre ase the Input current from 17mA to 3mA and 
verify that DET goes high. 

(Hysteresis) Compare difference between trigger and reset. 

30. Power Supply Rejection Ratio - Inject a lOOmVR^/is signal 
(50Hz to 4kHz) on Vbat ^cc ®nd Vee supplies. PSRR is com¬ 
puted using the following equation: 

PSRR = 20 • log (Vjx/Vi^). Vjx Q^d V(|si are defined in 
Figure 12. 


Pin Descriptions 


PLCC 

PDIP 

SYMBOL 

■■ 


RINGsenSE 

2 

7 

BGND 

4 

8 

Vcc 

5 

9 

RINGRLY 

6 

10 

Vbat 

7 

11 

Rsg 

8 

12 

El 

9 

13 

EO 

11 

14 

DET 

12 

15 

C2 

13 

16 

Cl 

14 

17 

Rdc 

15 

18 

AGND 

16 

19 

RSN 

18 

20 

Vee 

19 

21 

Vtx 

20 

22 

HPR 


DESCRIPTION 


Internally connected to output of RING power amplifier. 


Battery Ground - To be connected to zero potential. All loop current and longitudinal current flow from this ground. 
Internally separate from AGND but it is recommended that it is connected to the same potential as AGND. 


5V power supply. 


Ring relay driver output. 


Battery supply voltage, -24V to -56V. 


Saturation guard programming resistor pin. 


TTL compatible logic in put. T he logic state of El in conjunction with the logic state of Cl determines which 
detector is gated to the DET output. 


TTL compatible logic input. Enables the DET output when set to logic level zero and disables DET output 
when set to a logic level one. 


Detector output. TTL compatible logic output. A zero logic level indicates that the selected detector was trig- 
gere d (se e Truth Table for selection of Ground Key detector. Loop Current detector or the Ring Trip detector). 
The DET output Is an open collector with an Internal pull-up of approximately 15ld2 to Vqq 


TTL compatible logic input. The logic states of Cl and C2 determine the operating states (Open Circuit, 
Active, Ringing or Standby) of the SLIC. 


TTL compatible logic Input. The logic states of Cl and C2 determine the operating states (Open Circuit, 
Active, Ringing or Standby) of the SLIC. 


DC feed current programming resistor pin. Constant current feed is programmed by resistors Rqci and Rdc 2 
connected in series from this pin to the receive summing node (RSN). The resistor junction point is decoupled 
to AGND to isolate the AC signal components. 


Analog ground. 


Receive Summing Node. The AC and DC current flowing into this pin establishes the metallic loop current 
that flows between tip and ring. The magnitude of the metallic loop current is 1000 times greater than the 
current into the RSN pin. The constant current programming resistors and the networks for program receive 
gain and 2-wire impedance all connect to this pin. 


-5V power supply. 


Transmit audio output. This output is equivalent to the TIP to RING metallic voltage. The network for pro¬ 
gramming the 2-wire Input impedance connects between this pin and RSN. 


RING side of AC/DC separation capacitor Crp . Chp is required to properly separate the ring AC current from 
the DC loop current. The other end of Crp is connected to HPT. 
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Pin Descriptions (Continued) 


PLCC 

PDIP 

SYMBOL 

DESCRIPTION 

21 

1 

HPT 

TIP side of AC/DC separation capacitor Chp- Chp is required to properly separate the tip AC current from 
the DC loop current. The other end of Chp is connected to HPR. 

22 

2 

RD 

Loop current programming resistor. Resistor Rq sets the trigger level for the loop current detect circuit. A filter 
capacitor Cq is also connected between this pin and V^^. 

23 

3 

DT 

Input to ring trip comparator. Ring trip detection is accomplished by connecting an external network to a 
comparator in the SLIC with inputs DT and DR. 

25 

4 

DR 

input to ring trip comparator. Ring trip detection is accomplished by connecting an external network to a 
comparator in the SLIC with inputs DT and DR. 

26 


tipsense 

internally connected to output of tip power amplifier. 

27 

5 

TIPX 

Output of tip power amplifier. 

28 

6 

RINGX 

Output of ring power amplifier. 

3,10, 

17,24 


N/C 

No internal connection. 


Pinouts 


HC5526 
(PLCC) 
TOP VIEW 


HC5526 

(PDIP) 

TOP VIEW 


s I i g I 

S £ £ F= P 
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Application Circuit 


-Crt <Ri — 


Chp (NOTE 32) 


:rt "bJ 
Rrx 1 


ISGT06U131 
1 NOTE 31 I 


:: 


RdC2 Cdc 


■CODEC/FILTER 


RINGING 
(VbaT + 90Vrhis) 


^DC 

Chp 
Crt 
Ctc. Crc 
Relay 
D 1 -D 4 
Surgector 
D 5 

Rpi, Rf2 


Vbat Rsg 


SLIC (Subscriber Line Interface Circuit) 
HC5526 

Combination CODEC/Filter e.g. 
CD22354A or Programmable CODEC/ 
Filter, e.g. SLAC 

1.5)iF, 20%, 10V 
lOnF, 20%, 100V (Note 2) 

0.39|iF, 20%, 100 V 

2200pF, 20%, 100V 

Relay, 2C Contacts, 5V Coil 

Diode, 100V, 3A 

SGT06U13 

Diode, 1N4454 

Line Resistor, 20Q, 1% Match 


Ri,R 3 200kQ, 5%, 1/4W 
R 2 910kO, 5%, 1/4W 
R 4 1.2MQ,5%, 1/4W 
Rb 18.7kQ,1%, 1/4W 
Rd 39kO,5%, 1/4W 
RdCI. RdC 2 41.2kO, 5%, 1/4W 
RfB 20.0kQ, 1%, 1/4W 
RrX 280kn, 1%, 1/4W 
Rj 562kn, 1 %, 1/4W 
Rtx 20 ka, 1 %, 1/4W 
RrT 1500, 5%, 2W 

Rsg Vbat = ’ 28 V, Rsg = «« 

Vbat * ‘48V, Rsg == 21 .4kQ, i/4W 5 % 


31. The anodes of D 3 and D 4 may be connected directly to the Vbat supply if the application is exposed to only low energy transients. For 
harsher environments it is recommended that the anodes of D 3 and D 4 be shorted to ground through a transzorb or surgector. 

32. To meet the specified 25dB 2-wlre return loss at 20 OH 2 , Crp needs to be 20 nF, 20%, 100 V. 


FIGURE 21. APPLICATION CIRCUIT 
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SEMICONDUCTOR 


HC5509A1R3060 


January 1997 


sue 

Subscriber Line Interface Circuit 


Features 

• Dl Monolithic High Voltage Process 

• Compatible with Worldwide PBX and CO Performance 
Requirements 

• Controlled Supply of Battery Feed Current with 
Programmable Current Limit 

• Operates with 5V Positive Supply (Vb+) 

• Internal Ring Relay Driver and a Utility Relay Driver 

• High Impedance Mode for Subscriber Loop 

• High Temperature Alarm Output 

• Low Power Consumption During Standby Functions 

• Switch Hook, Ground Key, and Ring Trip Detection 

• Selective Power Denial to Subscriber 

• Voice Path Active During Power Denial 

• On Chip Op Amp for 2-Wire Impedance Matching 

Applications 

• Solid State Line interface Circuit for PBX or Central 
Office Systems, Digital Loop Carrier Systems 

• Hotel/Motel Switching Systems 

• Direct Inward Dialing (DID) Trunks 

• Voice Messaging PBXs 

• High Voltage 2-Wire/4-Wire, 4-Wlre/2-Wire Hybrid 

• Related Literature 

- AN9607, impedance Matching Design Equations 

- AN9628, AC Voltage Gain 

- AN9608, Implementing Pulse Metering 

- AN549, The HC-5502S/4X Telephone Subscriber 
Line Interface Circuits (SLIC) 


Description 

The HC4P5509A1R3060 telephone Subscriber Line 
Interface Circuit integrates most of the BORSCHT functions 
on a monolithic 1C. The device is manufactured in a 
Dielectric Isolation (Dl) process and is designed for use as a 
high voltage interface between the traditional telephone 
subscriber pair (Tip and Ring) and the low voltage filtering 
and coding/decoding functions of the line card. Together with 
a secondary protection diode bridge and “feed” resistors, the 
device will withstand 1000V lightning induced surges, in 
plastic packages. The SLIC also maintains specified 
transmission performance in the presence of externally 
induced longitudinal currents. The BORSCHT functions that 
the SLIC provides are: 

• Battery Feed with Subscriber Loop Current Limiting 

• Overvoltage Protection 

• Ring Relay Driver 

• Supervisory Signaling Functions 

• Hybrid Functions (with External Op Amp) 

• Test (or Battery Reversal) Relay Driver 

In addition, the SLIC provides selective denial of power to 
subscriber loops, a programmable subscriber loop current 
limit from 20mA to 60mA, a thermal shutdown with an alarm 
output and line fault protection. Switch hook detection, ring 
trip detection and ground key detection functions are also 
incorporated in the SLiC device. 

The HC4P5509A1R3060 SLIC is ideally suited for line card 
designs in PBX and CO systems, replacing traditional 
transformer solutions. 

Ordering Information 

TEMP. PKG. 

PART NUMBER RANGE (^C) PACKAGE NO. 


HC4P5509A1R3060 


0 to 75 28 Ld PLCC N28.45 


CAUTION: These devices are sensitive to eiectrostatic discharge. Users should follow proper 1C Handling Procedures. 
Copyright ©Harris Corporation 1997 a -tna 


File Number 3675.1 






HCS509A1R3060 


Absolute Maximum Ratings Ta = 25°c 

Thermai Information 


Relay Drivers. 

.-0.5Vto+15V 

Thermal Resistance (Typical, Note 1) 

ejA(°c/w) 

Maximum Supply Voltages 


PLCC Package. 

.... 67 

(Vb+). 

.-0.5Vto+7V 


(Vb4.)-(Vb.). 

Junction Temperature Plastic_ 

.+75V 

. 150°C 

Die Characteristics 


Lead Temperature (Soldering 10s) 

. 300°C 

Transistor Count. 

.224 



Diode Count. 

.28 

Operating Conditions 


Die Dimensions. 

.174x120 


Substrate Potential. 

.Connected 

Operating Temperature Range 


Process. 

.BIpolar-DI 

HC4P5509A1R3060. 

.0°C to 75®C 


Storage Temperature Range_ 

.- 65 OC to 150®C 



Relay Drivers. 

.. +5Vto+12V 



Positive Power Supply (VB.^)_ 

.+5V±5% 



Negative Power Supply (Vb-)_ 

.-42V to-58 V 



Loop Resistance (Rl). 

. 2000 to 17500 (Note 2) 



CAUTION: Stresses above those listed in “Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress only rating and operation 

of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTES: 




1. Oja is measured with the component mounted on an evaluation PC board in free air. 


2. May be extended to 19000 with application circuit. 



Eiectricai Specifications 

Unless Othenvise Specified, Typical Parameters are at Ta = 25°C, Min-Max Parameters are over Oper- 


ating Temperature Range, Vb- = 

-48V, Vb+ = +5V, AG = BG = OV. All AC Parameters are specified at 


6000 2-Wire terminating impedance. 
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Electrical Specifications unless Othenvlse specified, Typicai Parameters are at » 25^C, Min-Max Parameters are over Oper¬ 
ating Temperature Range, V0. s .48V, Vg^.» +5V, AG » BG » OV. Aii AC Parameters are specified at 
6000 2-Wire terminating impedance. (Continued) 


PARAMETER 

TEST CONDITIONS 


TYP 

MAX 

UNITS 

Frequency Response 

300Hz to 3400Hz (Note 3} 

Referenced to Absolute Level at 1kHz, 

OdBm Referenced 6000 

■ 

±0.02 

±0.05 

dB 

Level Linearity 

2-Wire to 4-Wlre and 4-Wlre to 2-Wlre 

Referenced to -lOdBm (Note 3) 

+3 to -40dBm 

■ 

■ 

±0.05 

dB 

-40 to -SOdBm 

- 

- 

±0.1 

dB 

-50 to -65dBm 

• 

- 

±0.3 

dB 

Absolute Delay 

2-Wire/4-Wlre 

(Note 3) 
flN-lkHz 

■ 

B 

1.2 

ps 

4-Wire/2-Wire 

flN - 1kHz 

- 

IB 

1.0 

ps 

4-Wire/4-Wire 

flN < 1kHz 

- 

1.5 


ps 

Transhybrid Loss 

V|N*:1Vp.pat1kHz (Note 3) 

32 

40 

- 

dB 

Total Harmonic Distortion 

2-Wire/4-Wlre, 4-Wire/2-Wire, 4-Wire/4-Wire 

Reference Level OdBm at 6000 

300Hz to 3400Hz (Note 3) 

■ 

B 

-52 

dB 

Idle Channel Noise 

2-Wire and 4-Wire 

C-Message (Note 3) 

■ 

B 

5 

dBrnC 

Psophometric 

- 

- 

-85 

dBmp 

3kHz Flat 

- 

- 

15 

dBm 

Power Supply Rejection Ratio 

Vb+ to 2-Wire 

(Note 3) 

30Hz to 200Hz. Rl* 6000 

25 

29 

B 

dB 

Vb+ to 4-Wire 

25 

29 

- 

dB 

Vg- to 2-Wire 

25 

29 

- 

dB 

Vg. to 4-Wlre 

25 

29 

- 

dB 

Vg+ to 4-Wlre 

(Note 3) 

200Hz to 16kHz, Rl » 6000 

25 

■ 

- 

dB 

Vg+ to 2-Wire 

25 

- 

- 

dB 

Vg. to 4-Wlre 

25 

25 

- 

dB 

Vg.to2-Wlre 

25 

25 

- 

dB 

Ring Sync Pulse Width 


50 

- 

500 

ps 


DC PARAMETERS 


Loop Current Programming 



Limit Range 

(Note 4) 

20 

(Note 4) 

Accuracy 


10 




mA 


% 


Loop Current During Power Deniai 


Rl*200Q 


±3 


±5 


mA 
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Electrical Specifications Unless otherwise specified, Typical Parameters are at = 25^0, Min-Max Parameters are over Oper¬ 
ating Temperature Range, Vb- = -48V, Vb+ = +5V, AG = BG = OV. All AC Parameters are specified at 
600^2 2-Wlre terminating impedance. (Continued) 


PARAMETER 


Fault Currents 
TIP to Ground 


RING to Ground 


TIP and RING to Ground 


Switch Hook Detection Threshold 


Ground Key Detection Threshold 


Thermal ALARM Output 


Ring Trip Comparator Threshold 


Dial Pulse Distortion 


Relay Driver Outputs 
On Voltage Vql 


Off Leakage Current 


TTL/CMOS Logic Inputs (RC, RS, TST, 
PRI) 

Logic ‘0’ VjL 


Logic‘1’V|H 


Input Current (^, PU, RS, TST, PRI) 


Logic Outputs 
Logic ‘0’ Vql 


Logic ‘I’Vqh 


Power Dissipation On Hook 


TEST CONDITIONS 



UNCOMMITTED OP AMP PARAMETERS 


Input Offset Voltage 


input Offset Current 


Differential Input Resistance 


Output Voltage Swing 


Small Signal GBW 



3. Absolute maximum ratings are limiting values, applied individually, beyond which the serviceability of the circuit may be impaired. Func¬ 
tional operability under any of these conditions is not necessarily implied. 

4. These parameters are controlled by design or process parameters and are not directly tested. These parameters are characterized upon 
initial design release, upon design changes which would affect these characteristics, and at intervals to assure product quality and spec¬ 
ification compliance. 

5. Application limitation based on maximum switch hook detect limit and metallic currents. Not a part limitation. 
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Pin Descriptions 

sole SYMBOL DESCRIPTION 

1 AG Analog Ground - To be connected to zero potential. Serves as a reference for the transmit output and re¬ 

ceive input terminals. 

2 VB+ Positive Voltage Source - Most Positive Supply. 

3 C1 Capacitor #C1-An external capacitor to be connected between this terminal and analog ground. Required 

for proper operation of the loop current limiting function. 

4 PD Power Denial - A low active TTL-compatIble logic input. When enabled, the output of the ring amplifier will 

ramp to close to the output voltage of the tip amplifier. 

5 RC Ring Command - A low active TTL-compatible logic input. When enabled, the relay driver (RD) output goes 

l ow o n the next high level of the ring sync (RS) inp ut, as long as the SLIC is not in the power down mode 
(TST = 0) or the subscriber is not already off-hook (SHD = 0). 

6 RS Ring Synchronization Input - A TTL - compatible clock input. The clock is arranged such that a positive 

pulse (50 - 500ps) occurs on the zero crossing of the ring voltage source, as it appears at the RFS terminal. 
For Tip side injected systems, the RS pulse should occur on the negative going zero crossing and for Ring 
injected systems, on the positive going zero crossing. This ensures that the ring delay activates and deac¬ 
tivates when the instantaneous ring voltage is near zero. If synchronization is not required, the pin should 
be tied to +5. 

7 SHD Switch Hook Detection - An active low LS TTL compatible logic output. A line supervisory output. 

8 GKD Ground Key Detection - An active low LS TTL compatible logic output. A line supervisory output. 

9 TST A TTL logic input. A low on this pin will keep the SLIC in a power down mode. 

10 ALM A LS TTL compatible active low output whi ch res ponds to the thermal dete ctor c ircuit when a safe operating 

die temperature has been exceeded. The ALM can be tied directly to the TST pin to power down the part 
when a thermal fault is detected, it is possible to ignore transient thermal overload conditions in the SLIC 
by delaying the response to the TST pin from the ALM. Care must be exercised in attempting this as con¬ 
tinued thermal overstress may reduced component life. 

11 ILMT Loop Current Limit - Voltage on this pin sets the short loop current limiting conditions using a resistive volt¬ 

age divider. 

12 OUT 1 The analog output of the spare operational amplifier. 

13 -INI The inverting analog input of the spare operational amplifier. 

14 TIP An analog input connected to the TIP (more positive) side of the subscriber loop through a feed resistor 

and ring relay contact. Functions with the RING terminal to receive voice signals from the telephone and 
for loop monitoring purpose. 

15 RING An analog input connected to the RING (more negative) side of the subscriber loop through a feed resistor. 

Functions with the TIP terminal to receive voice signals from the telephone and for loop monitoring purposes. 

16 RFS Ring Feed Sense - Senses RING side of the loop for Ground Key Detection. During Ring injected ringing 

the ring signal at this node is isolated from RF via the ring relay. For Tip injected ringing, the RF and RFS 
pins must be shorted. 

17 VRX Receive Input, 4-Wire Side - A high impedance analog input. AC signals appearing at this input drive the 

Tip Feed and Ring Feed amplifiers differentially. 

18 LAO Longitudinal Amplifier Output - A low impedance output to be connected to C2 through a low pass filter. 

Output is proportional to the difference in Ijip and Irinq. 
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HC5509A1R3060 


Pin Descriptions (Continued) 



DESCRIPTION 


Transmit Output, 4-Wire Side - A low impedance analog output which represents the differential voltage 
across TIP and RING. Transhybrid balancing must be performed beyond this output to completely imple¬ 
ment two to four wire conversion. This output is referenced to analog ground. Since the DC level of this 
output varies with loop current, capacitive coupling to the next stage is necessary. 


A TTL compatible input used to control PR. PRI active High = PR active low. 


An active low open collector output. Can be used to drive a Polarity Reversal Relay. 


Battery Ground - Tube connected to zero potential. All loop current and some quiescent current flows into 
this terminal. 


Ring Relay Driver - An active low open collector output. Used to drive a relay that switches ringing signals 
onto the 2-Wire line. 


Feedback input to the tip feed amplifier; may be used in conjunction with transmit output signal and the 
spare op amp to accommodate 2-Wire line impedance matching. 


Tip Feed - A low impedance analog output connected to the TIP terminal through a feed resistor. Functions 
with the RF terminal to provide loop current, and to feed voice signals to the telephone set and to sink lon¬ 
gitudinal currents. 


Ring Feed - A low impedance analog output connected to the RING terminal through a feed resistor. Func¬ 
tions with the TF terminal to provide loop current, feed voice signals to the telephone set, and to sink lon¬ 
gitudinal currents. 


The battery voltage source. The most negative supply. 


Capacitor #2 - An external capacitor to be connected between this terminal and ground. It prevents false 
ring trip detection from occurring when longitudinal currents are induced onto the subscriber loop from pow¬ 
er lines and other noise sources. This capacitor should be nonpolarized. 
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Overvoltage Protection and Longitudinal 
Current Protection 

The SLIC device, in conjunction with an externai protection 
bridge, wiii withstand high voltage lightning surges and 
power line crosses. 

High voitage surge conditions are as specified in Table 1. 

The SLIC will withstand longitudinal currents up to a 
maximum or 30mAp|^S, ISmAf^Ms per leg, without any 
performance degradation. 


PARAMETER 

TEST 

CONDITION 

PERFORMANCE 

(MAX) 

UNITS 

Longitudinal 

Surge 

10^8 Rise/ 

lOOOfis Fall 

±1000 (Plastic) 

VpEAK 

Metallic Surge 

lOfis Rise/ 

1000^8 Fall 

±1000 (Plastic) 

VpEAK 

T/GND 

10[is Rise/ 

±1000 (Plastic) 

VpEAK 

R/GND 

1000 (is Fall 



50/60HZ Current 




T/GND 

11 Cycles 

700 (Plastic) 

Vrms 

R/GND 

Limited to 
IOArms 
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Applications Diagram 


SYSTEM CONTROLLER 


"SI - • ^ 

Kia 


4 U5J- 


SECONDARY 

PROTECTION 

(NOTE) 


PRIMARY 

PROTECTION 



Vrinq ”^*3 
1S0Vpeak(MAX) 1 


SHD 

GKD PRI RS TST PD 

aCm RC 

m 





1 

PR 

TIP 





VRX+ 

TF 


VFB 


SLIC 

HC4P5509A1R3060 

VTX 

RF 


-INI 

RFS 


OUT1 

RING 


LAO 

VB- 

BG C2 DG AG 

VB+ Cl 



I 


NOTE: Secondary protection diode 
bridge recommended is 3A, 
200V type. 


TO HYBRID 

BALANCE 

NETWORK 


FIGURE 1. TYPICAL LINE CIRCUIT APPLICATION WITH THE MONOLITHIC SLIC 


TYPICAL COMPONENT VALUES 

Ci = O.S^iF, 30V 
Rfi =RF2 = 210kQ, 1% 

Cfi = Cf 2 = 0.22pF, 10%, 20V Nonpolarized 
C 3 =: 0.01 pF, 100V, ±20% 

04 = 0.01 pF, 100V, ±20% 

C 5 = 0.01 pF, 100V, ±20% 

Cac = O.SpF, 20V 
KZq = 30kU (Zq = 6000) 

Rli , Rl 2 J Current Limit Setting Resistors: 


Ilimit == (0-6) (Rli + Rl2)/(200 x Rl 2 )» Rli typically lOOkO 
KRf = 20 kO 

Rbi = Rb 2 = Rb 3 = Rb 4 = 500 0 . 1 % absolute matching 
Rsi = Rs 2 = tkO typically 

Csi = Cs 2 = 0.1 pF, 200V typically, depending on VRjng and 
line length. 

Z>| = 150V to 200 V transient protector. PTC used as ring 
generator ballast. 


1 . All grounds (AG, BG) must be applied before V 0 + or Vb-. Failure to do so may result in premature failure of the part. If a user wishes to 
run separate grounds off a line card, the AG must be applied first. 

2. Application shows Ring Injected Ringing, a Balanced or Tip injected configuration may be used. 
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Subscriber Line Interface Circuit 


Features 

• Dl Monolithic High Voltage Process 

• Compatible with Worldwide PBX and CO Performance 
Requirements 

• Controlled Supply of Battery Feed Current with Pro¬ 
grammable Current Limit 

• Operates with 5V Positive Supply (VgJ 

• Internal Ring Relay Driver and a Utility Reiay Driver 

• High Impedance Mode for Subscriber Loop 

• High Temperature Alarm Output 

• Low Power Consumption During Standby Functions 

• Switch Hook, Ground Key, and Ring Trip Detection 

• Selective Power Denial to Subscriber 

• Voice Path Active During Power Denial 

• On-Chip Op Amp for 2-Wire Impedance Matching 

Applications 

• Solid State Line interface Circuit for PBX or Central 
Office Systems, Digital Loop Carrier Systems 

• Hotel/Motel Switching Systems 

• Direct Inward Dialing (DID) Trunks 

• Voice Messaging PBXs 

• High Voltage 2-Wire/4-Wire, 4-Wire/2-Wire Hybrid 

• Related Literature 

- AN9607, Impedance Matching Design Equations 

- AN9628, AC Voltage Gain 

- AN9608, Implementing Pulse Metering 

- AN549, The HC-5502S/4X Telephone Subscriber 
Line Interface Circuits (SLIC) 


Description 

The HC-5509B telephone Subscriber Line Interface Circuit 
integrates most of the BORSCHT functions on a monolithic 
iC. The device is manufactured in a Dielectric isolation (Dl) 
process and Is designed for use as a high voltage interface 
between the traditional telephone subscriber pair (Tip and 
Ring) and the low voltage filtering and coding/decoding func¬ 
tions of the line card. Together with a secondary protection 
diode bridge and “feed” resistors, the device will withstand 
1000V lightning induced surges, in plastic packages. The 
SLIC also maintains specified transmission performance in 
the presence of externally induced longitudinal currents. The 
BORSCHT functions that the SLIC provides are: 

• Battery Feed with Subscriber Loop Current Limiting 

• Overvoltage Protection 

• Ring Relay Driver 

• Supervisory Signaling Functions 

• Hybrid Functions (with External Op-Amp) 

• Test (or Battery Reversal) Relay Driver 

In addition, the SLIC provides selective denial of power to 
subscriber loops, a programmable subscriber loop current 
limit from 20mA to 60mA, a thermal shutdown with an alarm 
output and line fault protection. Switch hook detection, ring 
trip detection and ground key detection functions are also 
Incorporated in the SLIC device. 

The HC-5509B SLIC Is Ideally suited for line card designs in 
PBX and CO systems, replacing traditional transformer 
solutions. 

Ordering Information 


PART 

NUMBER 

TEMP. 
RANGE (*>C) 

PACKAGE 

PKG. NO. 

HC3-5509B-5 

0to75 

28 Ld Plastic DIP 

E28.6 

HC3-5509B-9 

-40 to 85 

28 Ld Plastic DIP 

E28.6 

HC4P5509B-5 

0to75 

44 Ld PLCC 

N44.65 

HC4P5509B-9 

-40 to 85 

44 Ld PLCC 

N44.65 

HC9P5509B-5 

0to75 

28 Ld Plastic SOIC 

M28.3 

HC9P5509B-9 

-40 to 85 

28 Ld Plastic SOIC 

M28.3 


CAUTION: These devices are sensitive to eiectrostatic discharge. Users should follow proper IC Handling Procedures. 
Copyright © Harris Corporation 1997 a ‘t-i-r 
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Absolute Maximum Ratings (Note i) 

Relay Drivers.-0.5V to 15V 

Maximum Supply Voltages 

(Vb+) .-0.5V to 7V 

(VbJ-{Vb.).75V 

Operating Conditions 

operating Temperature Range 

HC-5509B-5.0OCto75®C 

HC-5509B-9.-40°C to 850C 

Relay Drivers.5V to 12V 

Positive Power Supply (Vb+).5V ±5% 

Negative Power Supply (Vb.) .-42V to -58V 

Loop Resistance (Rl) . 200Q to 17500 (Note 2) 


Thermal Information 

Thermal Resistance (Typical, Note 3) 0 ja (°C/W) 0jc (°C/W) 

CERDIP Package. 48 12 

Plastic DIP Package. 51 N/A 

PLCC Package. 47 N/A 

SOIC Package. 72 N/A 

Maximum Junction Temperature Ceramic.175°C 

Maximum Junction Temperature Plastic. 150°C 

Storage Temperature Range... -65°C to 150°C 

Maximum Lead Temperature (Soldering 10s).300°C 

(For SMD; PLCC and SOIC - Lead Tips Only) 

Die Characteristics 

Transistor Count.224 

Diode Count.28 

Die Dimensions.174 x 120 

Substrate Potential.Connected 

Process.BIpolar-DI 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those Indicated in the operational sections of this specification is not implied. 


NOTES: 

1. Absolute maximum ratings are limiting values, applied individually, beyond which the serviceability of the circuit may be impaired. Func¬ 
tional operability under any of these conditions is not necessariiy implied. 

2. May Be Extended to 1900Q With Application Circuit. 

3- 0JA is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications unless otherwise specified. Typical Parameters are at Ta = 25°C, Min-Max Parameters are Over Oper¬ 
ating Temperature Range, Vb. = -48V, Vb+ = 5V, AG = DG = BG = OV. All AC Parameters are specified at 
600Q 2-Wire Terminating Impedance 


PARAMETER 

TEST CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

AC TRANSMISSION PARAMETERS 

RX Input Impedance 

300Hz to 3.4kHz (Note 4) 

- 

100 

- 

kO 

TX Output impedance 

300Hz to 3.4kHz (Note 4) 

- 

- 

20 

O 

4-Wire Input Overload Level 

300Hz to 3.4kHz Rl = 1200Q, 

6000 Reference 

1.5 

- 

- 

VpEAK 

2-Wire Return Loss 

SRL LO 

Matched for 6000 (Note 4) 

26 

35 

■ 

dB 

ERL 


30 

40 

- 

dB 

SRL HI 

30 

40 

- 

dB 

2-Wire Longitudinal to Metallic Balance 

Off Hook 

Per ANSI/IEEE STD 455-1976 (Note 4) 

300Hz to 3400Hz 

58 

63 

■ 

dB 

4-Wlre Longitudinal Balance 

Off Hook 

300Hz to 3400Hz (Note 4) 

50 

55 

- 

dB 

Low Frequency Longitudinal Balance 

R.E.A. Test Circuit 

- 

- 

-67 

dBmp 

Iline = 40mA Ta = 250C (Note 4) 

- 

- 

23 

dBrnC 

Longitudinal Current Capability 

Iline = 40mA Ta = 250C (Note 4) 

- 

- 

30 

hiArms 

Insertion Loss 

2-Wire/4-Wire 

OdBm at 1kHz, Referenced 6000 

■ 

±0.05 

±0.2 

dB 

4-Wire/2-Wire 

- 

±0.05 

±0.2 

dB 


4-Wire/4-Wire 































































































HC-5509B 


Electrical Specifications Unless OthenA^ise Specified, Typical Parameters are at = 25^C, Min-Max Parameters are Over Oper¬ 
ating Temperature Range, Vb. = -48V, Vb+ = 5V, AG = DG * BG = OV. All AC Parameters are specified at 
600Q 2-Wire Terminating impedance (Continued) 


PARAMETER 


Frequency Response 


Level Linearity 

2 -Wire to 4-Wire and 4-Wire to 2-Wlro 


Absolute Delay 
2-Wlre/4-Wire 


4-Wire/2-Wlre 


4-Wire/4-Wire 


Transhybrid Loss, THL 


Total Harmonic Distortion 
2-Wlre/4-Wlre, 4-Wire/2-Wlre, 4-Wire/4-Wire 


idle Channel Noise 
2-Wire and 4-Wire 


Power Supply Rejection Ratio 
Vb+ to 2-Wire 


Vb+ to 4-Wire 


VB.to2-Wlre 


Vb- to 4-Wlre 


Vb+ to 4-Wlre 


VB.to2-Wiro 


Vb- to 4-Wire 


Vb- to 4-Wlre 


Ring Sync Pulse Width 


DC PARAMETERS 


Loop Current Programming 
Limit Range 


Accuracy 


Loop Current During Power Denial 


TEST CONDITIONS 


300Hz to 3400Hz (Note 4) Referenced to 
Absolute Level at 1kHz, OdBm Referenced 
6000 


Referenced to -lOdBm (Note 4) 
+3 to -40dBm 


-40 to -SOdBm 


-50 to -55dBm 


300Hz to 3400Hz 


MAX UNITS 


300Hz to 3400Hz 


300Hz to 3400Hz 


(Note 4) See Figure 1 


Reference Level OdBm at 600Q 
300Hz to 3400Hz (Note 4) 


(Note 4) 
C-Message 


Psophometric 


(Note 4) 

30Hz to 200Hz, Rl = 600Q 


(Note 4) 

200Hz to 16kHz, Rj. = 6000 


Fault Currents 
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HC-5509B 


Electrical Specifications Unless otherwise Specified, Typical Parameters are at T/v * 25°C, Min-Max Parameters are Over Oper¬ 
ating Temperature Range, Vg. = -48V, Vb+ = 5V, AG - DG = BG = OV. All AC Parameters are specified at 
6000 2-Wire Terminating Impedance (Continued) 


PARAMETER 


Switch Hook Detection Threshold 


Ground Key Detection Threshold 


Thermal ALARM Output 


Ring Trip Detection Threshold 


Ring Trip Detection Period 


Dial Pulse Distortion 


Relay Driver Outputs 
On Voltage Vql 


Off Leakage Current 


TTL/CMOS Logic Inputs (FO, F1, RS, TEST, PRI) 
Logic ‘0’ V|L 


Logic ‘1’ V|H 


Input Current (FO, F1, RS, TEST, PRI) 


Logic Outputs 
Logic ‘0’ Vql 


Logic ‘1 ’Vqh 


Power Dissipation On Hook 


iB+ 


UNCOMMITTED OP AMP PARAMETERS 


Input Offset Voltage 


Input Offset Current 


Differential Input Resistance 


Output Voltage Swing 


Small Signal GBW 


TEST CONDITIONS 



Safe Operating Die Temperature Exceeded 


Vring = 105Vrms» ^ring = 20 Hz 


loL (PB) = 60mA, loL (RD) = 30mA 


VoH = 13.2V 



OV < V|N ^ 5V 


•load ® QOOpA 


■load * 40pA 


Relay Drivers Off 


Vb+ = 5.25V, Vb. = -58V, Rlqop * 


B+ = 5.25V, Vb- = -58V, Rlqop = °° 



(Note 4) 


RL = 10kO 


(Note 4) 


MAX UNITS 


15 


mA 


mA 


oc 


mA 


ms 


ms 


V 


pA 




NOTE: 

4. These parameters are controlled by design or process parameters and are not directly tested. These parameters are characterized upon 
initial design release, upon design changes which would affect these characteristics, and at intervals to assure product quality and 
specification compliance. 
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Pin Descriptions 


DIP/SOIC 

PLCC 

SYMBOL 

DESCRIPTION 

1 

2 

AG 

(Note 5) 

Analog Ground - To be connected to zero potential. Serves as a reference for the transmit output 
and receive input terminals. 

2 

3 

Vb+ 

Positive Voltage Source - most positive supply. 

3 

4 

m 

Capacitor #Ci - An external capacitor to be connected between this terminal and analog ground. 
Required for proper operation of the loop current limiting function. 

4 

8 

FI 

Function Address #1 - A TTL and CMOS compatible Input used with FO function address line to 
externally select logic functions. The three selectable functions are mutually exclusive. See Truth 
Table. FI should be toggled high after power is applied. 

5 

9 

FO 

Function Address #0 - A TTL and CMOS compatible input used with FI function address line to 
externally select logic functions. The three selectable functions are mutually exclusive. See Truth 
Table. 

6 

10 

RS 

Ring Synchronization Input - A TTL - compatible clock input. The clock is arranged such that a pos¬ 
itive pulse (50jis - 500^is) occurs on the zero crossing of the ring voltage source, as it appears at 
the RFS terminal. For Tip side injected systems, the RS pulse should occur on the negative going 
zero crossing and for Ring injected systems, on the positive going zero crossing. This ensures that 
the ring delay activates and deactivates when the instantaneous ring voltage is near zero. If syn¬ 
chronization is not required, the pin should be tied to 5. 

7 

11 

SHD 

Switch Hook Detection - An active low LS TTL compatible logic output. A line supervisory output. 

8 

12 

Skd 

Ground Key Detection - An active low LS TTL compatible logic output. A line supervisory output. 

9 

13 

T§T 

A TTL logic input. A low on this pin will set a latch and keep the SLIC in a power down mode until 
the proper FI, FO state is set and will keep ALM low. See Truth Table. 

10 

17 

OT 

A LS TTL compatible active low output which responds to the thermal detector circuit when a safe 
operating die temperature has been exceeded. When TST is forced low by an external control sig¬ 
nal, ALM is latched low until the proper FI, FO state and TST input is brought high. The ALM can 
be tied directly to the TST pin to power down the part when a thermal fault is detected and then 
reset with FO, FI. See Truth Table. It is possible to Ignore transient thermal overload conditions In 
the SLIC by delaying the response to the TST pin from the ALM. Care must be exercised in at¬ 
tempting this as continued thermal overstress may reduced component life. 

11 

18 

•lmt 

Loop Current Limit - Voltage on this pin sets the short loop current limiting conditions using a re¬ 
sistive voltage divider. 

12 

19 

OUT1 

The analog output of the spare operational amplifier. 

13 

20 

-INI 

The inverting analog input of the spare operational amplifier. 

14 

22 

TIP 

An analog input connected to the TIP (more positive) side of the subscriber loop through a feed 
resistor and ring relay contact. Functions with the RING terminal to receive voice signals from the 
telephone and for loop rTK)nitoring purpose. 

15 

24 

RING 

An analog input connected to the RING (more negative) side of the subscriber loop through a feed 
resistor. Functions with the TIP terminal to receive voice signals from the telephone and for loop 
monitoring purposes. 

16 

25 

RFS 

Ring Feed Sense - Senses RING side of the loop for Ground Key Detection. During Ring injected 
ringing the ring signal at this node is isolated from RF via the ring relay. For Tip injected ringing, 
the RF and RFS pins must be shorted. 

17 

27 

Vrx 

Receive Input, 4-Wire Side - A high impedance analog input. AC signals appearing at this input 
drive the Tip Feed and Ring Feed amplifiers differentially. 

18 

31 

■ 

Capacitor #C 2 - An external capacitor to be connected between this terminal and ground, it pre¬ 
vents false ring trip detection from occurring when longitudinal currents are Induced onto the sub¬ 
scriber loop from power lines and other noise sources. This capacitor should be nonpolarized. 

19 

32 

Vtx 

Transmit Output, 4-Wire Side - A low impedance analog output which represents the differential 
voltage across TIP and RING. Transhybrid balancing must be performed beyond this output to 
completely Implement 2-Wlre to 4-Wire conversion. This output is referenced to analog ground. 
Since the DC level of this output varies with loop current, capacitive coupling to the next stage is 
necessary. 
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Pin Descriptions (Continued) 


DIP/SOIC 

PLCC 

SYMBOL 

DESCRIPTION 

20 

33 

PRI 

A TTL compatible Input used to control PR. PRI active High * PR active low. 

21 

34 

m 

An active iow open collector output. Can be used to drive a Polarity Reversal Relay. 

22 

35 

DG 

(Note 5) 

Digital Ground - To be connected to zero potential. Serves as a reference for all digital inputs and 
outputs on the SLiC. 

23 

36 

RD 

Ring Relay Driver - An active low open collector output. Used to drive a relay that switches ringing 
signals onto the 2-Wlre line. 

24 

37 


Feedback input to the tip feed amplifier; may be used in conjunction with transmit output signal and 
the spare op amp to accommodate 2>Wlre line impedance matching. 

25 

38 

TF2 

Tip Feed • A low impedance analog output connected to the TIP terminal through a feed resistor. 
Functions with the RF terminal to provide loop current, and to feed voice signals to the telephone 
set and to sink longitudinal currents. Must be tied to TF^. 

NA 

39 

TFi 

Tie directly to TF 2 in the PLCC application. 

26 

41 


Ring Feed - A low impedance analog output connected to the RING terminal through a feed resis¬ 
tor. Functions with the TF terminal to provide loop current, feed voice signals to the telephone set, 
and to sink longitudinal currents. Tie directly to RF 2 . 

NA 

42 

RF 2 

Tie directly to RF^ in the PLCC application. 

27 

43 

Vb- 

The battery voltage source. The most negative supply. 

28 

44 

BG 

(Note 5) 

Battery Ground - To be connected to zero potential. All loop current and some quiescent current 
flows into this ground terminal. 


1,5, 6, 7, 
14,15,16, 
21,23, 26, 
28, 29, 30, 
40 

NO 

No internal connection. 


NOTE: 

5. All grounds (AG, BG, and DG) must be applied before or Vb.. Failure to do so may result in premature failure of the part. If a user 
wishes to run separate grounds off a line card, the AG must be applied first. 


Pinouts 


HC-5509B (PDIP, 
TOP VIEW 


SOIC) 



TRUTH TABLE 


FI 

FO 

ACTION 

0 

0 

Normal Loop Feed 

0 

1 

RD Active (Ringing) 

1 

0 

Power Down Latch 
RESET 

1 

0 

Power On RESET 

1 

1 

Loop Power Denial 
Active 


HC-5509B (PLCC) 

TOP VIEW 

.n n n n nn nm m.,.. 

^ 6 6 4 3 2 1 44 43 42 41 40 



7 

39 

□ tf, 

FiC 

8 

38 

□ tf* 

FOC 

9 

37 

□ VFB 

RSC 

10 

36 


SriDC 

11 

35 

□ DG j 

craC 

12 

34 

□ PR 

tstC 

13 

33 

□ pri 

NCC 

14 

32 

□ VTX 

NCC 

15 

31 


NCC 

16 

30 

□ nc 

XDIC 

17 

29 

□ nc 


16 19 20 21 22 23 24 25 26 27 28 

UDUOUDUOUm' 


4-122 
























































HC-5509B 


Functional Diagram 


DIP OR SOIC 



1 VBX| 

|OUTl| 

R 

—AAAj—< 

17 

12 

2R 

1—AAA#— 




-INI I I VFB M VTX II VBt | | DG | | AG | 
I 13 I 24 I 19 I 2 I 22 JL 1 


BIAS I /m 

NETWORK I 27 


/7777 




Overvoltage Protection and Longitudinal 
Current Protection 

The SLIC device, in conjunction with an external protection 
bridge, will withstand high voltage lightning surges and 
power line crosses. 

High voltage surge conditions are as specified in Table 1. 

The SLIC will withstand longitudinal currents up to a 
maximum or 30mARMs» ISmAR^s per leg, without any 
performance degradation. 


I PERFORMANCE I 


PARAMETER 

CONDITION 

(MAX) 

UNITS 

Longitudinal 

Surge 

10|is Rise/ 

1000|is Fall 

±1000 (Plastic) 

VpEAK 

Metallic Surge 

lO^s Rise/ 
lOOO^s Fall 

±1000 (Plastic) 

VpEAK 

T/GND, R/GND 

lO^is Rise/ 
lOOO^s Fail 

±1000 (Plastic) 

VpEAK 

50/60HZ Current 

T/GND, 

R/GND 

11 Cycles, 

Limited to lOAf^f^S 

700 (Plastic) 

Vrms 
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Typical Applications 



FIGURE 1. TYPICAL LINE CIRCUIT APPUCATION WITH THE MONOLITHIC SUC 


Typical Component Values 

Ci = O.S^F, 30V 

C 2 = 1. 0 |xF ±10%, 20V (for other values of C2, refer to AN9667) 
C 3 = 0.01m,F, 100V, ±20% 

C 4 = 0.01 ^lF, 100V, ±20% 

C 5 = 0.01 ^lF, 100V, ±20% 

Cac = O.SfiF, 20V 

KZo = eoko, (Zo = 600Q, K = Scaling Factor = 100) 

Rli, Rl 2 ; Current Limit Setting Resistors: 

Rli + Rl 2 > 90kQ -> offset 

•limit = (0-6) (Bli + Rl2)/(200 X Rl 2 ), Rli typically lOOkfl 
Krf = 20kQ, RF = 2 (Rb2 + Rb 4 )» K = Scaling Factor = 100) 


Rbi = Rb 2 = Bb 3 = Bb 4 = 50i2 (1% absolute, matching 
requirements covered in a Tech Brief) 

Rsi = Rs 2 = 1 typically 

Csi = Cs 2 = 0.1 pF, 200V typically, depending on VRjng and 
line length. 

Zi = 150V to 200V transient protector. PTC used as ring 
generator ballast. 


NOTES: 

6 . All grounds (AG, BG, and DG) must be applied before Vb+ or Vb-. Failure to do so may result in premature failure of the part. If a user 
wishes to run separate grounds off a line card, the AG must be applied first. 

7. Application shows Ring Injected Ringing, a Balanced or Tip injected configuration may be used. 

8 . Secondary protection diode bridge recommended is 3A, 200V type. 

9. TF^, TF 2 and RF^, RF 2 are on PLCC only and should be connected together as shown. 








Private Automatic Branch Exchange (PABX) 


PABX SWITCH 




USA 

ROW 

SLICs 

HC-5502B(1) 

HC5526 

HC5515 

HC-5524 

HC-5504B(1) 

HC5526 

HC5515 

HC-5524 

Combos 

CD22354A 

CD22357A 

Transcoder 

HC5560 

CD22103A 

Protection 

SGT06U13 

SGT06U13 
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Features 

• Low Cost Version of the HC-5504B 

• Capable of 5V or 12V (Vb+) Operation 

• Monolithic Integrated Device 

• Dl High Voltage Process 

• Compatible With Worldwide PBX Performance 
Requirements 

• Controlled Supply of Battery Feed Current for Short 
Loops (41mA) 

• Internal Ring Relay Driver 

• Allows Interfacing With Negative Superimposed Ring¬ 
ing Systems 

• Low Power Consumption During Standby 

• Switch Hook Ground Key and Ring Trip Detection 
Functions 

• Selective Denial of Power to Subscriber Loops 

Applications 

• Solid State Line Interface Circuit for Analog and Digi¬ 
tal PBX Systems 

• Direct Inward Dial (DID) Trunks 

• Voice Messaging PBXs 

• Related Literature 

- AN549, The HC-5502S/4X Telephone Subscriber 
Line interface Circuits (SLIC) 

- AN571, Using Ring Sync with HC-5502A and 
HC-5504 SLICs 


Description 

The Harris SLIC incorporates many of the BORSHT functions 
on a single 1C chip. This includes DC battery feed, a ring relay 
driver, supervisory and hybrid functions. This device is 
designed to maintain transmission performance in the pres¬ 
ence of externally induced longitudinal currents. Using the 
unique Harris dielectric isolation process, the SLIC can oper¬ 
ate directly with a wide range of station battery voltages. 

The SLIC also provides selective denial of power. If the PBX 
system becomes overloaded during an emergency, the SLIC 
will provide system protection by denying power to selected 
subscriber loops. 

The Harris SLIC is ideally suited for the design of new digital 
PBX systems by eliminating bulky hybrid transformers. 


Ordering Information 


PART NUMBER 

TEMP. 
RANGE (°C) 

PACKAGE 

PKG. NO. 

HC3-5504B1-5 

0to75 

24 Ld PDIP 

E24.6 

HC4P5504B1-5 

0to75 

28 Ld PLCC 

N28.45 

HC9P5504B1-5 

0to75 

24 Ld SOIC 

M24.3 



CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1C Handling Procedures. 
Copyright © Harris Corporation 1997 a -toQ 
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Absolute Maximum Ratings (Note i) 


Thermal information 


Maximum Continuous Supply Voltages 


Thermal Resistance (Typical, Note 2) 

0JA(‘’C/W) 

(Vb-)... 

.-60 to 0.5V 

24LeadPDIP. 

65 

(Vb+).. 

.-0.5 to 15V 

24 Lead SOIC. 

75 

(Vb+-Vb-). 

.75V 

28LeadPLCC . 

65 

Relay Drive Voltage (Vrq).. 

.-0.5 to 15V 

Maximum Junction Temperature Plastic. 

.150°C 



Maximum Storage Temperature Range. 

...-65°Cto150OC 

Operating Conditions 


Maximum Lead Temperature (Soldering 10s)... 

.300°C 

Operating Temperature Range 


(PLCC and SOIC - Lead Tips Only) 


HC-5504B1-5. 

.0®Cto75°C 



Relay Driver Voltage (Vrq).. 

.5V to 12V 

Die Characteristics 


Positive Supply Voltage (Vb+) • ■. 4.75V to 5.25V or 10.8V to 13.2V 

Transistor Count. 

.185 

Negative Supply Voltage (Vr-). 

.-36V to-58V 

Diode Count. 

.36 

High Level Logic Input Voltage. 

.2.4V 

Die Dimensions. 

.137x102 

Low Level Logic Input Voltage. 

.0.6V 

Substrate Potential. 


Loop Resistance (Rl). 

....2000to1200Q 

Process. 

.Bipolar-DI 

CAUTION: Stresses above those listed In “Absolute Maximum Ratings’ may cause permanent damage to the device. This Is a stress only rating and operation 

of the device at these or any other conditions above those indicated In the operational sections of this specification is not Implied. 


NOTES: 




1. Absolute maximum ratings are limiting values, applied individually, beyond which the serviceability of the circuit may be impaired. Func- 

tional operability under any of these conditions is not necessarily implied. 


2. Oja is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications unless otherwise specified, Vr- = -48V, Vb+ ~ 12V and 5V, AG > BG = DG = OV, Typical Parameters 

Ta = 25°C. Min-Max Parameters are Over Operating Temperature Range 


PARAMETER 


On Hook Power Dissipation 


Off Hook Power Dissipation 


Off Hook Ib+ 


Off Hook Ib+ 


Off Hook Ib- 


Off Hook Loop Current 


Off Hook Loop Current 


Off Hook Loop Current 


Fault Currents 
TIP to Ground 


RING to Ground 


TIP to RING 


TIP and RING to Ground 


Ring Relay Drive Vql 


Ring Relay Driver Off Leakage 


Ring Trip Detection Period 


Switch Hook Detection Threshold 


CONDITIONS 


•LONG = 0(Note2),VB+ = 12V 


Rl = 6000, IlonG * 0 (Note 3), Vb+ = 12V 


Rl = 6000, Ilong * 0 (Note 3), Ta = -40OC 


Rl = 6000, Ilong * O (Note 3), Ta * 25°C 


Rl = 6000, Ilong * o (Note 3) 


Rl = 12000. Ilong = o (Note 3) 


Rl = 12000 , Vb- = -42V, Ilong = 0 (Note 3) 
Ta*25°C 


Rl = 2000, Ilong ” ® (Note 3) 


MAX UNITS 



Iql = 62mA 


Vrd = 12V, RC = 1 = HIGH, Ta = 25®C 


Rl = 6000 


SHD«Vol 


$H0 = VoH 
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Electrical Specifications Unless otherwise Specified, Vb- = “48V, Vb+ = 12 V and 5V, AG = BG = DG = OV, Typical Parameters 
Ta = 25°C. Min-Max Parameters are Over Operating Temperature Range (Continued) 


PARAMETER 


Ground Key Detection Threshold 


Loop Current During Power Denial 


Dial Pulse Distortion 


Receive Input Impedance 


Transmit Output Impedance 


2-Wire Return Loss 


Longitudinal Balance 
2-Wlre Off Hook 


2-Wlre On Hook 


4-Wlre Off Hook 


Low Frequency Longitudinal Balance 


Insertion Loss 

2-Wire to 4-Wlre, 4-Wlre to 2-Wire 


Frequency Response 


Idle Channel Noise 
2-Wire to 4-Wlre, 4-Wlre to 2-Wire 


Absolute Delay 

2-Wlre to 4-Wlre, 4-Wire to 2-Wire 


Trans Hybrid Loss 


Overload Level 

2-Wire to 4-Wire, 4-Wire to 2-Wire 


Level Linearity 

2-Wlre to 4-Wire, 4-Wire to 2-Wire 


CONDITIONS 


MAX UNITS 


GKD = VoL 


^-VoH 


Rl = 2000 



1 Vrms 200Hz - 3400Hz, (Note 4) IEEE Method 
0 ®C<Ta<75®C 


R.E.A. Method, (Note 4), Rl = 6000 

o°c < Ta < 75OC 


At 1kHz, OdBm Input Level, Referenced 6000 


200 - 3400Hz Referenced to Absolute Loss at 
1kHz and OdBm Signal Level (Note 4) 



Balance Network Set Up for 6000 Termination at 
1kHz 


Vb+ = +5V 


Vb+* 12V 


At 1kHz, (Note 4) Referenced to OdBm Level 
+3 to -40dBm 


-40 to -50dBm 


-50 to -55dBm 
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Electrical Specifications Unless Othenwlse Specified, Vb- = -48V, Vb+ = 12V and 5V, AG = BG = DG = OV, Typical Parameters 
Ta = 25°C. Min-Max Parameters are Over Operating Temperature Range (Continued) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Power Supply Rejection Ratio 

Vb+ to 2-Wire 

(Note 4) 

30 - 60Hz, Rl = 600Q 

15 

■ 

■ 

dB 

Vb+ to Transmit 

15 

- 

- 

dB 

Vb- to 2-Wire 

15 

- 


dB 

Vb- to Transmit 

15 

- 

- 

dB 

Vb+ to 2-Wire 

200 - 16kHz, Rl = 6000 

30 

- 

- 

dB 

Vb+ to Transmit 

30 

- 

- 

dB 

Vb- to 2-Wire 

30 

- 

- 

dB 

Vb- to Transmit 

30 

- 

- 

dB 

Logic Input Current (RS, PD) 

OV < ViN < 5V 

- 

- 

±100 

liA 

Logic Inputs 

Logic ‘0’ V|L 


■ 

■ 

0.8 

V 

Logic‘rV|H 

2.0 

- 

5.5 

V 

Logic Outputs 

Logic ‘0’ VoL 

IlOAD 800hA, Vb+ = 12V, 5V 

■ 

0.1 

0.5 

V 

Logic ‘I’Vqh 

'load 80pA,Vb+ = 12V 


5.0 

5.5 

V 

«LOAD40^A,Vb+ = 5V 


- 

HPQIIIII 

V 


Uncommitted Op Amp Specifications 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Input Offset Voltage 


- 

±5 

- 

mV 

Input Offset Current 


- 

±10 

- 

nA 

input Bias Current 


- 

20 

- 

nA 

Differential Input Resistance 

(Note 4) 

- 

1 

- 

MQ 

Output Voltage Swing 

Rl=10K, Vb+=12V 

- 

±5 

- 

Vpeak 


Ru = 10K, Vb+= 5V 

- 

±3 

- 

Vpeak 

Output Resistance 

Avcl “ 1 (Note 4) 

- 

10 

- 

O 

Small Signal GBW 

(Note 4) 

- 

1 

- 

MHz 


NOTES: 

3, Ilong = Longitudinal Current 


4. These parameters are controlled by design or process parameters and are not directly tested. These parameters are characterized upon 
initial design release, upon design changes which would affect these characteristics, and at intervals to assure product quality and spec¬ 
ification compliance. 
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Pin Descriptions 


28 PIN 
PLCC 

24 PIN 
DIP/SOIC 

SYMBOL 

DESCRIPTION 

2 

1 

TIP 

An analog input connected to the TIP (more positive) side of the subscriber loop through a 1500 feed 
resistor and a ring relay contact. Functions with the Ring terminal to receive voice signals from the 
telephone and for loop monitoring purposes. 

3 

2 

RING 

An analog input connected to the RING (more negative) side of the subscriber loop through a 1500 
feed resistor and a ring relay contact. Functions with the Tip terminal to receive voice signals from the 
telephone and for loop monitoring purposes. 

4 

3 

RFS 

Senses ring side of loop for ground key and ring trip detection. During ringing, the ring signal is insert¬ 
ed into the line at this node and RF is isolated from RFS via a relay. 

5 

4 

Vb+ 

Positive Voltage Source - Most positive supply. Vb+ is typically 12V or 5V. 

6 

5 

C 3 

Capacitor #3 - An external capacitor to be connected between this terminal and analog ground. 
Required for proper operation of the loop current limiting function, and for filtering Vb-- Typical value 
is 0.3pF. 30V. 

■ 

6 

DG 

Digital Ground - To be connected to zero potential and serves as a reference for all digital inputs and 
outputs on the SLIC microcircuit. 

9 

7 

RS 

Ring Synchronization Input - A TTL - compatible clock Input. The clock should be arranged such that 
a positive pulse transition occurs on the zero crossing of the ring voltage source, as it appears at the 
RFS terminal. For Tip side injected systems, the RS pulse should occur on the negative going zero 
crossing and for Ring injected systems, on the positive going zero crossing. This ensures that the ring 
relay activates and deactivates when the instantaneous ring voltage Is near zero, if synchronization is 
not required, the pin should be tied to 5V. 

10 

8 

m 

Relay Driver - A low active open collector logic output. When enabled, the external ring relay is 
energized. 

11 

9 

TF 

Tip Feed - A low impedance analog output connected to the TIP terminal through a 150^2 feed resistor. 
Functions with the RF terminal to provide loop current, feed voice signals to the telephone set, and 
sink longitudinal current. 

12 

10 

RF 

Ring Feed - A low impedance analog output connected to the RING terminal through a 150U feed 
resistor. Functions with the TF terminal to provide loop current, feed voice signals to the telephone 
set, and sink longitudinal current. 

13 

11 

Vb- 

Negative Voltage Source - Most negative supply. Vb- is typically -48V with an operational range of 
-42V to -58V. Frequently referred to as “battery”. 

14 

12 

BG 

Battery Ground - To be connected to zero potential. All loop current and some quiescent current flows 
into this ground terminal. 

16 

13 

SHD 

Switch Hook Detection - A low active LS TTL - compatible logic output. This output is enabled for loop 
currents exceeding 10mA and disabled for loop currents less than 5mA. 

17 

14 

GKD 

Ground Key Detection - A low active LS TTL - compatible logic output. This output is enabled if the DC 
current Into the ring lead exceeds the DC current out of the tip lead by more than 20mA, and disabled 
if this current difference is less than 10mA. 

18 

15 

PD 

Power Denial - A low active TTL - Compatible logic input. When enabled, the switch hook detect (SHD) 
and ground key detect ((aKD) are not necessarily valid, and the relay driver (RD) output is disabled. 

19 

16 

m 

Ring Command - A low active TTL - Compatible logic input. When enabled, the relay driver (RD) out¬ 
put goes low on the next high level of the ring sync (RS) input, as long as the SLIC is not in the power 
denial state (PD = 0) or the subscriber is not already off- hook ($HD - 0). 

20 

17 

C 2 

Capacitor #2 - An external capacitor to be connected between this terminal and digital ground. Pre¬ 
vents false ground key indications from occurring during ring trip detection. Typical value is 0.15pF, 
10V. This capacitor is not used if ground key function is not required and (Pin 17) may be left open or 
connected to digital ground. 

21 

18 

OUT 

The analog output of the spare operational amplifier. The output voltage swing is typically ±5V. 

23 

19 

-IN 

The inverting analog input of the spare operational amplifier. 

24 

20 

+IN 

The non-inverting analog input of the spare operational amplifier. 
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Pin Descriptions (Continued) 


28 PIN 
PLCC 

24 PIN 
DIP/SOIC 

SYMBOL 

DESCRIPTION 

25 

21 

RX 

Receive input, Four Wire Side - A high impedance analog input which is internally biased. Capacitive 
coupling to this input is required. AC signals appearing at this input differentially drive the Tip feed and 
Ring feed terminals, which in turn drive tip and ring through 300Q of feed resistance on each side of 
the line. 

26 

22 

C 4 

Capacitor #4 - An external capacitor to be connected between this terminal and analog ground. This 
capacitor prevents false ground key indication and false ring trip detection from occurring when longi¬ 
tudinal currents are induced onto the subscriber loop from near by power lines and other noise sourc¬ 
es. This capacitor is also required for the proper operation of ring trip detection. Typical value is 0.5pF, 
to 1 .OpF, 20V. This capacitor should be nonpolarized. 

27 

23 

AG 

Analog Ground - To be connected to zero potential and serves as a reference for the transmit output 
(TX) and receive input (RX) terminals. 

28 

24 

TX 

Transmit Output, Four Wire Side - A low impedance analog output which represents the differential 
voltage across Tip and Ring. Transhybrid balancing must be performed (using the SLIC microcircuit’s 
spare op amp) beyond this output to completely Implement two to four wire conversion. This output is 
unbalanced and referenced to analog ground. Since the DC level of this output varies with loop cur¬ 
rent, capacitive coupling to the next stage is essential. 

1 , 8 , 

15, 22 


NC 

No internal connection. 


NOTE: All grounds (AG, BG, and DG) must be applied before Vb+ or Ve-. Failure to do so may result In premature failure of the part. If a user 
wishes to run separate grounds off a line card, the AG must be applied first. 


Functionai Diagram 
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Overvoltage Protection and Longitudinal 
Current Protection 

The SLIC device, in conjunction with an external protection 
bridge, will withstand high voltage lightning surges and 
power line crosses. 

High voltage surge conditions are as specified in Table 1. 

The SLIC will withstand longitudinal currents up to a maxi¬ 
mum or 30mARMs» ‘•SmARMs P®*' •©Q* without any perfor¬ 
mance degradation. 


PARAMETER 

TEST 

CONDITION 

PERFORMANCE 

(MAX) 

UNITS 

Longitudinal 

Surge 

o o 

±1000 (Plastic) 

VpEAK 

Metallic Surge 

lO^s Rise/ 
1000^8 Fall 

±1000 (Plastic) 

VpEAK 

T/GND 

R/GND 

lO^is Rise/ 
1000^8 Fail 

±1000 (Plastic) 

VpEAK 

50/60HZ Current 
T/GND 

R/GND 

11 Cycles 

Limited to 
IOArms 

700 (Plastic) 

Vrms 
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Applications Diagram 


SUBSCRIBER 

LOOP 


SYSTEM CONTROLLER 


r~? 

r 

tl3 

|l4 

I 

■jr 

F r 

POWER 

SWITCH 

GROUND 

RING 

ringI 

DENIAL 

HOOK 

KEY 

SYNC 

cmdI 


TO 

TIP 

TIP FEED 


DETECT DETECT 


SLIC 

HC-5504B1 


RING FEED 
RING FEED SENSE 


BALANCE NETWORK 
Cs 


■ SWITCHING 
NETWORK 


NEG. BATT. DIG. ANA. 
BATT. GND. GND. GND. 


-48V ■=■ 

150Vpeak(MAX) 


C4 C3 C2 


lUl 


RING GENERATOR 


PIN NUMBERS GIVEN FOR DIP/SOIC PACKAGE. 


FIGURE 1. TYPICAL LINE CIRCUIT APPLICATION WITH THE MONOLITHIC SLIC 


Typical Component Values 

C 2 = 0.15^F, 10V 
C 3 = O.a^iF, 30V 

C 4 = O.S^iF to I.O^iF, 10%, 20V (Should be nonpolarized) 
C 5 = O.SpF, 20V 

Cs = C 7 = O.SpF (10% Match Required) (Note 6 ) 

C 8 = 0.01pF, 100V 
C 9 = 0.01|xF, 20V,±20% 


R.| = R 2 = R 3 = 100k (0.1% Match Required, 1% absolute 
value) Zb = 0 for 600Q Terminations (Note 6 ). 

Rbi “ ^B2 = ^B3 ” ^B4 ” 150Q (0.1% Match Required, 1% 
absolute value). 

Rsi = Rs 2 = 1 kU typically. 

Csi = Cs 2 = 0.1 |iF, 200V typically, depending on Vri^g and 
line length. 

Z-j = 150V to 200V transient protection. 

PTC used as ring generator ballast. 


6 . Secondary protection diode bridge recommended is a 2A, 200V type. 

6 . To obtain the specified transhybrid loss it is necessary for the three legs of the balance network, Ce-Rj and R 2 and C 7 -ZB-R 3 , to match 
in impedance to within 0.3%. Thus, if Cq and C 7 are IpF each, a 20% match is adequate, it should be noted that the transmit output to 
Cq sees a -22V step when the loop is closed. Too large a value for Cq may produce an excessively long transient at the op amp output 
tothePCMFilter/CODEC. 

A 0.5pF and 100k^2 gives a time constant of 50ms. The uncommitted op amp output is internally clamped to stay within ±5.5V and also 
has current limiting protection. 

7. All grounds (AG, BG, and DG) must be applied before Vb+ or Vb*. Failure to do so may result in premature failure of the part. If a user 
wishes to run separate grounds off a line card, the AG must be applied first. 

8 . Application shows Ring Injected Ringing, Balanced or Tip injected configuration may be used. 
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SEMICONDUCTOR 


HC-5502B1 

sue 

January 1997 Subscriber Line Interface Circuit 


Features 

• Low Cost Version of HC-5502B 

• Capable of 12V or 5 V(Vb+) Operation 

• Monolithic Integrated Device 

• Dl High Voltage Process 

• Compatible With Worldwide PBX Performance 
Requirements 

• Controlled Supply of Battery Feed Current for Short 
Loops (30mA) 

• Internal Ring Relay Driver 

• Low Power Consumption During Standby 

• Switch Hook, Ground Key and Ring Trip Detection 
Functions 

• Selective Denial of Power to Subscriber Loops 

Applications 

• Solid State Line Interface Circuit for Analog and Digital 
PBX Systems 

• Direct inward Dial (DID) Trunks 

• Voice Messaging PBXs 

• Related Literature 

- AN549, The HC-5502S/4X Telephone Subscriber 
Line interface Circuits (SLIC) 

- AN571, Using Ring Sync with HC-5502A and 
HC-5504 SLICs 

Pinouts 

HC-5502B1 (PDIP, SOIC) 

TOP VIEW 


TIP [T 


^ TX 

RING [? 


^ AG 

Vb+H 


^ C4 

Cl (NOTE) [± 


!!1 Rx 

C3 U 


^ +IH 

DG [T 


3 -IN 

RS [I 


OUT 

fiD II 


ni C2 

TF [? 


I! fic 

RF jlO 


H PB 

Vb- E? 


g sra? 

BG El 


^ SH6 


NOTE: Optional. 


Description 

The Harris SLIC Incorporates many of the BORSHT function 
on a single iC chip. This includes DC battery feed, a ring 
relay driver, supervisory and hybrid functions. This device is 
designed to maintain transmission performance in the 
presence of externally induced longitudinal currents. Using 
the unique Harris dielectric isolation process, the SLIC can 
operate directly with a wide range of station battery voltages. 

The SLIC also provides selective denial of power. If the PBX 
system becomes overloaded during an emergency, the SLIC 
will provide system protection by denying power to selected 
subscriber loops. 

The Harris SLIC is ideally suited for the design of new digital PBX 
systems, by eliminating bulky hybrid transformers. 


Ordering information 


PART NUMBER 

TEMP. 
RANGE (°C) 

PACKAGE 

PKG, 

NO. 

HC3-5502B1-5 

0to75 

24 Ld PDIP 

E24.6 

HC4P5502B1-5 

0to75 

28 Ld PLCC 

N28.45 

HC9P5502B1-5 

0to75 

24 Ld SOIC 

M24.3 


HC-5502B1 (PLCC) 
TOP VIEW 

I* I I i S s 



CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. p ||0 Number 4127.1 

Copyright © Harris Corporation 1997 
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Operating Conditions 


Absoiute Maximum Ratings (Note 1 ) Thermal Information 

Supply Voltage Thermal Resistance (Typical, Note 2) 0jA (°C/W) 

(Vb-) .-60 to 0.5V 24 Lead PDIP. 65 

(Vb+) .-0.5 to 15V 24 Lead SOIC. 75 

(Vb+ - Vb-) .75V 28 Lead PLCC . 65 

Relay Drive Voltage (Vrd) .-0.5 to 15V Maximum Junction Temperature Plastic.150°C 

ODAratina Conditinna Maximum Storage Temperature Range.to 150^0 

operating conditions Maximum Lead Temperature (Soldering 10s).300^0 

Relay Driver Voltage (Vrd) .5V to 12V (SOIC and PLCC - Lead Tips Only) 

Positive Supply Voltage (Vb+) ... 4.75V to 5.25V or 1 0 . 8 V to 13.2V 

Negative Supply Voltage (Vr-) .-42V to -58V ^le Characteristics 

High Level Logic Input Voltage.2.4V Transistor Count.183 

Low Level Logic Input Voltage. 0 . 6 V piode Count.33 

Loop Resistance (Rl) .200 to 1200Q Die Dimensions.137 x 1 02 mils 

Operating Temperature Range Substrate Potential. Vr- 

HC-5502B1 -5.O^C to 75^C process.Bipolar-DI 

CAUTION: Stresses above those listed in “Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 

NOTES: 

1 . Absoiute maximum ratings are limiting values, applied individually, beyond which the serviceability of the circuit may be impaired. 
Functional operability under any of these conditions is not necessarily implied. 

2. 6 ja is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications Unless otherwise Specified, Vb- = -48V, Vb->- 1 2 V and 5V, AG == BG = DG OV, Typical Parameters 
Ta = 25°C. Min-Max Parameters are Over Operating Temperature Range 


PARAMETER 


On Hook Power Dissipation 


Off Hook Power Dissipation 


Off Hook Ib+ 


Off Hook Ib+x 


Off Hook Ib- 


Off Hook Loop Current 


Off Hook Loop Current 


Off Hook Loop Current 


Fault Currents 
TIP to Ground 


RING to Ground 


TIP and RING to Ground 


Ring Relay Drive Vql 


Ring Relay Driver Off Leakage 


Ring Trip Detection Period 


Switch Hook Detection Threshold 


Ground Key Detection Threshold 


CONDITIONS 


lLONG = 0(Note4), Vb+=12V 


Rl = 6000, IlonG = 0 (Not® 4). Vb+ = 12V 


Rl = 6000, IlonG = 0 (Note 4), Ta = -40^0 


Rl = 6000, IlonG = 0 (Note 4), Ta = 25^0 


Rl =* 6000, IlonG = 0 (Note 4) 


Rl = 12000, Ilong = 0 (Note 4) 


Rl = 12000 Vb- = -42V, Ilong = o (Note 4), 
Ta = 25®C 


Rl = 2000 , Ilong = t) (Note 4) 



Iql * 62mA 


Vrd = 12V, ro = 1 = HIGH, Ta = 25°c 


Rl = 6000,Ta = 25®C 


SHD = Vql 


^ = VoH 


GKD = Vql 


GKD = Voh 
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Electrical Specifications Unless otherwise Specified, Vb- » -48V. Vb+ » 12V and 5V, AG BG » DG » OV, Typical i 
T/v = 25°C. Min-Max Parameters are Over Operating Temperature Range (Continued) 


PARAMETER 


Loop Current During Power Denial 


Dial Pulse Distortion 


Receive Input Impedance 


Transmit Output impedance 


Two Wire Return Loss 


CONDITIONS 


Rl = 2000 




Longitudinal Balance 
2-Wire Off Hook 


2-Wire On Hook 


4-Wire Off Hook 


Low Frequency Longitudinal Balance 


Insertion Loss 

2-Wire to 4-Wire, 4-Wire to 2-Wire 


Frequency Response 


Idie Channel Noise 

2-Wire to 4-Wire, 4-Wire to 2-Wire 


Absoiute Delay 

2-Wire to 4-Wire, 4-Wire to 2-Wire 


Trans Hybrid Loss 


Overioad Level 

2-Wlre to 4-Wire, 4-Wire to 2-Wire 


Levei Linearity 

2-Wire to 4-Wire, 4-Wire to 2-Wire 


Referenced to 600Q +2.16pF 
(Note 3) 


1 Vrms 200Hz - 3400Hz, (Note 3) 

IEEE Method 
0OC^Ta^75OC 


R.E.A. Method, (Note 3) 
RL = 600 n, 

0®C ^ Ta ^ 75°C 


at 1kHz, OdBm Input Level, Referenced 600Q 


200 - 3400Hz Referenced to Absolute 
Loss at 1kHz and OdBm Signal Level (Note 3) 



Balance Network Set Up for 600^2 
Termination at 1kHz 


Vb+ = 5V 


Vb+ = 12V 


at 1 kHz, (Note 3) Referenced to OdBm Levei 
+3 to -40dBm 


-40 to -SOdBm 


-50to-55dBm 
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HC-5S02B1 


Electrical Specifications Unless otherwise Specified, Vb* = -48V, Vb+ = 12 V and 5V, AG BG DG = OV, Typical Parameters 
Ta = 25°C. Min-Max Parameters are Over Operating Temperature Range (Continued) 


PARAMETER 


Power Supply Rejection Ratio 
Vb+ to 2-Wire 


Vb+ to Transmit 


Vb* to 2-Wire 


Vb" to Transmit 


Vb+ to 2-Wire 


Vb+ to Transmit 


Vb- to 2-Wire 


Vb- to Transmit 


Logic Input Current (RS, RC, PD) 


Logic Inputs 
Logic ‘0’ V|L 


Logic ‘1’V|H 


Logic Outputs 
Logic ‘0’ VoL 


Logic‘1’VoH 


CONDITIONS 


(Note 3) 

30 - 60Hz 
Rl = 6000 


200 - 16kHz 
Rl = 600Q 



IloaD SOOpA, Vb+ = 12V, 5V 


IlOAD 80mA, Vb+ = 12V 


•load 40pA, Vb+ = 5V 


Uncommitted Op Amp Specifications 


PARAMETER 


CONDITIONS 


Input Offset Voltage 


Input Offset Current 


Input Bias Current 


Differential Input Resistance 


Output Voltage Swing 


Output Resistance 


Small Signal GBW 



3. These parameters are controlled by design or process parameters and are not directly tested. These parameters are characterised upon 
initial design release, upon design changes which would affect these characteristics, and at intervals to assure product quality and 
specification compliance. 

4. Ilong = Longitudinal Current. 
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HC-5502B1 


Pin Descriptions 

28 PIN I 24 PIN I I 

PLCC DIP/SOIC SYMBOL DESCRIPTION 

2 1 TIP An analog input connected to the TIP (more positive) side of the subscriber loop through a 150Q 

feed resistor and a ring relay contact. Functions with the Ring terminal to receive voice signals from 
the telephone and for loop monitoring process. 

3 2 RING An analog input connected to the RING (more negative) side of the subscriber loop through a 

150Q feed resistor and a ring relay contact. Functions with the Tip terminal to receive voice signals 
from the telephone and for loop monitoring purposes. 

4 3 Vb+ Positive Voltage Source - Most positive supply. Vb+ is typically 12V or 5V. 

5 4 C-j Capacitor # 1 -Optional Capacitor used to improve power supply rejection. This pin should be left open 

if unused. 

6 5 C 3 Capacitor #3 - An external capacitor to be connected between this terminal and analog ground. 

Required for proper operation of the loop current limiting function, and for filtering Vb- supply. 
Typical value Is 0.3fiF, 30V. 

7 6 DG Digital Ground - To be connected to zero potential and serves as a reference for all digital inputs 

and outputs on the SLIC. 

9 7 RS Ring Synchronization Input - A TTL - compatible clock Input. The clock should be arranged such 

that a positive transition occurs on the negative going zero crossing of the ring voltage source, 
ensuring that the ring relay is activated and deactivated when the instantaneous ring voltage is 
near zero, if synchronization is not required, tie to 5V. 

10 8 ro Relay Driver - A low active open collector logic output. When enabled, the external ring relay is 

energized. 

11 9 TF Tip Feed - A low impedance analog output connected to the TIP terminal through a 150i2 feed 

resistor. Functions with the RF terminal to provide loop current, feed voice signals to the telephone 
set, and sink longitudinal current. 

12 10 RF Ring Feed - A low impedance analog output connected to the RING terminal through a 150£^ feed 

resistor. Functions with the TF terminal to provide loop current, feed voice signal to the telephone 
set, and sink longitudinal current. 

13 11 Vb- Negative Voltage Source - Most negative supply. Vb* is typically -48V with an operational range of 

-42V to -58V. Frequently referred to as “battery”. 

14 12 BG Battery Ground - To be connected to zero potential. All loop current and some quiescent current 

flows Into this ground terminal. 

16 13 SHD Switch Hook Detection - A low active LS TTL - compatible logic output. This output is enabled for 

loop currents exceeding 10mA and disabled for loop currents less than 5mA. 

17 14 GKD Ground Key Detection - A low active LS TTL - compatible logic output. This output is enabled if the 

DC current into the ring lead exceeds the DC current out of the tip lead by more than 20mA, and 
disabled if this current difference is less than 10mA. 

18 15 PD Powe r Denial - A iow active T TL - C ompatible logic input. When enabled the switch hook detect 

(SHD) and ground key detect (GKD) are not necessarily valid, and the relay driver (RD) output is 
disabled. 

19 16 TO Ring Command - A low active TTL - Compatible logic input. When enabled, the relay driver (TO) 

output goes iow on the next rising edge of the ring sync (RS) input, as lo ng as the SLIC is not in 
the power denial state (PD = 0) or the subscriber is not already off- hook (SHD = 0). 

20 17 C 2 Capacitor #2 - An external capacitor to be connected between this terminal and digital ground. 

Prevents false ground key indications from occurring during ring trip detection. Typical value is 
0.15pF, 10V. This capacitor Is not used if ground key function is not required. 

21 18 OUT The analog output of the spare operational amplifier. 

23 19 -IN The inverting analog input of the spare operational amplifier. 
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HC-5502B1 


Pin Descriptions (Continued) 


28 PIN 
PLCC 

24 PIN 
DIP/SOIC 

SYMBOL 

DESCRIPTION 

24 

20 

+IN 

The non-inverting analog input of the spare operational amplifier. 

25 

21 

RX 

Receive Input, Four Wire Side - A high impedance analog input which is internally biased. Capac¬ 
itive coupling to this input is required. AC signals appearing at this input differentially drive the Tip 
feed and Ring feed amplifiers, which in turn drive tip and ring through 3000 of feed resistance on 
each side of the line. 

26 

22 

C4 

Capacitor #4 - An external capacitor to be connected between this terminal and analog ground. 
This capacitor prevents false ground key indication and false ring trip detection from occurring 
when longitudinal currents are induced onto the subscriber loop from nearby power lines and other 
noise sources. This capacitor is also required for the proper operation of ring trip detection. Typicai 
value is 0.5pF to I.OpF, 20V. This capacitor should be nonpolarized. 

27 

23 

AG 

Analog Ground - To be connected to zero potential and serves as a reference for the transmit out¬ 
put (TX) and receive input (RX) terminals. 

28 

24 

TX 

Transmit Output, Four Wire Side - A low impedance analog output which represents the differential 
voltage across Tip and Ring. Transhybrid balancing must be performed (using the SLIC microcir¬ 
cuit’s spare op amp) beyond this output to completely implement two to four wire conversion. This 
output is unbalanced and referenced to analog ground. Since the DC level of this output varies with 
loop current, capacitive coupling to the next stage is essential. 

1,8,5,22 


NC 

No Internal Connection. 


5. All grounds (AG, BG, and DG) must be applied before Vq+ or Vb*. Failure to do so may result in premature failure of the part. If a user 
wishes to run separate grounds off a line card, the AG must be applied first. 
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HC-5S02B1 


Applications Diagram 


SYSTEM CONTROLLER 


RING GENERATOR 
150V PEAK (MAX) ' 


SUBSCRIBER 

LOOP¬ 


PRIMARY I ^ 

PRO- I r 

TECTION I 


POWER SWITCH GROUND RING RING 
DENIAL HOOK KEY SYNC CMD 
SK DETECT DETECT 


SLIC 

HC-5502B1 


TRANSMIT 
r +IN 


BALANCE NETWORK 

—I 


24 

■ST' 

■4 hi 


20 

Rii: 

jzBj 

19"^ 


18 

R2^ 

Ij 


( SWITCHING 
NETWORK 


PIN NUMBERS GIVEN FOR DIP/SOIC PACKAGE. 


C4 -1 

NEG. BATT. DIG. ANA. POS. 

BATT. GND. GND. GND. SUPP. C 4 C 3 C 2 Ci 

111 . ii2 16 123.. i3 =r T =r =r 




FIGURE 1. TYPICAL LINE CIRCUIT APPLICATION WITH THE MONOLITHIC SLIC 


Typical Component Values 

Cl = 0.5)iF (Note 6 ) R.| = R 2 = R 3 = tOOkii (0.1% Match Required, 1% absolute 

Cg = 0.110V value), Zb = 0 for 600t2 Terminations (Note 7) 

C 3 = O.S^iF, 30V = Rb 2 = Rb 3 = ^B4 = ‘•SOQ (0.1% Match Required, 1% 

C 4 = 0.5^F to 1.0^F, 10 %, 20 V (Should be nonpolarized) absolute value) 

r -n -triF onv Rs = Ikft 0$ = O.tpF, 200V typically, depending on Vring 

05 - u.3pr, 4UV 

Ce = C 7 = O.SpF (10% Match Required) (Note 7), 20V = 15 OV to 200V transient protection. PTC used as ring 

Cs = 0.01 |aF, 10OV generator ballast. 

C 9 = 0.01)iF,20V,±20% 

NOTES: 

6 . C-i is an optional capacitor used to improve Vb+ supply rejection. This pin must be left open if unused. 

7. To obtain the specified transhybrid loss it is necessary for the three legs of the balance network, Ce-Ri and R 2 and Cy-Ze-Ra, to match 
In impedance to within 0.3%. Thus, if Ce and C 7 are IpF each, a 20% match is adequate. It should be noted that the transmit output to 
Ce sees a -22V step when the loop is closed. Too large a value for Ce may produce an excessively long transient at the op amp output 
to the PCM Filter/CODEC. 

A O.S^F and lOOkQ gives a time constant of 50ms. The uncommitted op amp output is internally clamped to stay within 5.5V and also 
has current limiting protection. 

8 . Secondary protection diode bridge recommended is a 2A, 200V type. 

9. All grounds (AG, BG, and DG) must be applied before Vb+ or Vb*- Failure to do so may result in premature failure of the part. If a user 
wishes to run separate grounds off a line card, the AG must be applied first 
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SEMICONDUCTOR 


HC-5504B 


January 1997 


Features 

• Pin for Pin Repiacement for the HC-5504 

• Capabie of 5V or 12V (Vb+) Operation 

• Monolithic Integrated Device 

• Di High Voltage Process 

• Compatible With Woridwide PBX Performance 
Requirements 

• Controlled Supply of Battery Feed Current for Short 
Loops (41mA) 

• Internal Ring Relay Driver 

• Ailows Interfacing With Negative Superimposed 
Ringing Systems 

• Low Power Consumption During Standby 

• Switch Hook Ground Key and Ring Trip Detection 
Functions 

• Selective Deniai of Power to Subscriber Loops 

Applications 

• Solid State Line Interface Circuit for Analog and 
Digital PBX Systems 

• Direct Inward Dial (DID) Trunks 

• Voice Messaging PBXs 

• Related Literature 

- AN549, The HC-5502S/4X Telephone Subscriber 
Line Interface Circuits (SLiC) 

- AN571, Using Ring Sync with HC-5502A and 
HC-5504 SLICs 


sue 

Subscriber Line interface Circuit 


Description 

The Harris SLIC Incorporates many of the BORSHT functions 
on a single 1C chip. This includes DC battery feed, a ring relay 
driver, supervisory and hybrid functions. This device is 
designed to maintain transmission performance in the pres¬ 
ence of externally induced longitudinal currents. Using the 
unique Harris dielectric isolation process, the SLIC can oper¬ 
ate directly with a wide range of station battery voltages. 

The SLIC also provides selective denial of power. If the PBX 
system becomes overloaded during an emergency, the SLIC 
will provide system protection by denying power to selected 
subscriber loops. 

The Harris SLiC is ideally suited for the design of new digital 
PBX systems by eliminating bulky hybrid transformers. 

Ordering Information 


PART 

NUMBER 

TEMP. RANGE 
fC) 

PACKAGE 

PKG. NO. 

HC1-5504B-5 

0to75 

24 Ld CERDIP 

F24.6 

HC1-5504B-9 

-40 to 85 

24 Ld CERDIP 

F24.6 

HC3-5504B-5 

0to75 

24 Ld PDIP 

E24.6 

HC3-5504B-9 

-40 to 85 

24 Ld PDIP 

E24.6 

HC4P5504B-5 

0to75 

28 Ld PLCC 

N28.45 

HC4P5504B-9 

-40 to 85 

28 Ld PLCC 

N28.45 

HC9P5504B-5 

0to75 

24 Ld SOIC 

M24.3 

HC9P5504B-9 

-40 to 85 

24 Ld SOIC 

M24.3 



CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1C Handling Procedures. 
Copyright ©Harris Corporation 1997 . 


File Number 2886.3 
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HC-5504B 


Absolute Maximum Ratings (Note 1) 

Maximum Continuous Supply Voltages Thermal Resistance (Typical, Note 2) 0jA (°C/W) 

(Vb*) ..'60V to 0.5V CERDIP Package. 52 

(Vb+) .-O.SV to 15V pDip Package. 65 

(Vb+ - Vb-) . ..75V pLCC Package. 65 

Relay Drive Voltage (Vrd) .'0.5V to 15V SOIC Package.. 75 

Maximum Junction Temperature (Hermetic Packages).175°C 

Operating Conditions Maximum Junction Temperature (Plastic Packages).150°C 

Operating Temperature Range Temperature Range .-65<>C to 150«C 

n°r. tn Maximum Lead Temperature (Soldering 10s).300°C 

HC-5504B-9! '-4o°c to 85<>c ■'■'p® °"'y) 

Relay Driver Voltage (Vrd) .5 to 12V 

Positive Supply Voltage (Vb+).4.75 to 5.25 or 10.8 to 13.2V Die Characteristics 

Negative Supply Voltage (Vr-) .-36 to -58V Transistor Count.185 

High Level Logic Input Voltage.2.4V Qiode Count.36 

Low Level Logic Input Voltage.0.6V pie Dimensions.137 x 102 

Loop Resistance (Rl) .200 to 1200Q Substrate Potential.Connected 

Process.Bipolar-DI 

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Thermai information 

Thermal Resistance (Typical, Note 2) 

CERDIP Package. 

PDIP Package. 

PLCC Package. 

SOIC Package. 


1. Absolute maximum ratings are limiting values, applied individually, beyond which the serviceability of the circuit may be impaired. 
Functional operability under any of these conditions is not necessarily implied. 

2. 0JA is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications Unless otherwise Specified, Vb- = -48V, Vb+ = 12V and 5V, AG = BG = DG = OV, Typical Parameters 
Ta = 25°C. Min-Max Parameters are Over Operating Temperature Range 














































































































HC-5S04B 


Electrical Specifications Unless otherwise Specified. Vq- = -48V, Vb+ == 12V and 5V, AG = 
Ta = 25®C. Min-Max Parameters are Over Operating Temperature 


PARAMETER 


Ground Key Detection Threshold 


Loop Current During Power Denial 


Dial Pulse Distortion 


Receive Input Impedance 


Transmit Output Impedance 


2-Wlre Return Loss 
SRlLO 


Longitudinal Balance 
2-Wlre Off Hook 


2-Wlre On Hook 


4-Wlre Off Hook 


Low Frequency Longitudinal Balance 


Insertion Loss 

2-Wlre to 4-Wlre, 4 Wire to 2-Wlre 


Frequency Response 


idle Channel Noise 

2-Wire to 4-Wire, 4 Wire to 2-Wire 


Absolute Delay 

2-Wire to 4-Wire, 4 Wire to 2-Wlre 


Trans Hybrid Loss 


Overload Level 

2-Wire to 4-Wlre. 4 Wire to 2-Wire 


Level Linearity 

2-Wire to 4-Wire, 4 Wire to 2-Wire 


Power Supply Rejection Ratio 
Vb+ to 2-Wire 


Vb+ to Transmit 


Vb- to 2-Wlre 


Vb- to Transmit 


CONDITIONS 


SKD = Vol 


^ = VoH 


Rl = 2000 


BG = DG = OV, Typical Parameters 
Range (Continued) 


MAX UNITS 


mA 




(Note 3) 


(Note 3) 


Referenced to 6000 + 2.16pF, (Note 3) 


1 Vrms 200Hz - 3400Hz, (Note 3) IEEE Method 
0°C^Ta<75°C 


R.E.A. Method, (Note 3), Rl = 6000 
OOC ^ Ta ^ 75°C 


at 1 kHz, OdBm input Level, Referenced 6000 


200Hz - 3400Hz Referenced to Absolute Loss at 
1kHz and OdBm Signal Level (Note 3) 


Balance Network Set Up for 6000 Termination at 
1kHz 


Vb+ = +5V 


Vb+ = 12V 


At 1kHz Referenced to OdBm Level, (Note 3) 
+3 to -40dBm 


-40 to -SOdBm 


-50 to -55dBm 


(Note 3) 

30 - 60Hz, Rl = 6000 


dB 


dB 


dB 


23 dBrnC 


-67 dBmOp 



±0.2 

dB 

±0.05 

dB 

5 

dBrnC 

-85 

dBmOp 
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HC-5504B 


Electrical Specifications Unless otherwise Specified, Vg- ^ -48V. Vb+ ^ 12 V and 5V, AG » BQ == DG OV, Typical Parameters 
Ta = 25°C. Min-Max Parameters are Over Operating Temperature Range (Continued) 


PARAMETER 


Vb+ to 2-Wire 


Vb+ to Transmit 


Vb- to 2-Wire 


Vb- to Transmit 


Logic Input Current (RS, RC, P5) 


Logic inputs 
Logic ‘0’ V|L 


Logic‘1’V|H 


Logic Outputs 
Logic ‘0’ Vql 


Logic ‘I’Vqh 


CONDITIONS 


200-16kHz, Rl = 600Q 


0V^V,n^5V 



Iload 800pA, Vb+ = 12V, 5V 


IloadSOpA, Vb+ = 12V 


Iload 40pA,Vb+ = 5V 


MAX UNITS 



Uncommitted Op Amp Specifications 


PARAMETER 


input Offset Voltage 


Input Offset Current 


Input Bias Current 


Differential Input Resistance 


Output Voltage Swing 


Output Resistance 


Small Signal GBW 


CONDITIONS 



3; Ttiase parameters are controlled by design or process parameters and are not directly tested. These parameters are characterized upon 
initt^.design release, upon design changes which would affect these characteristics, and at intervals to assure product quality and spec¬ 
ification compliance. 

4. I long = Longitudinal Current 
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HC-5504B 



Pin Descriptions 


28 PIN 
PLCC 

24 PIN 
DIP/SOIC 

SYMBOL 

DESCRIPTION 

2 

1 

TIP 

An analog input connected to the TIP (more positive) side of the subscriber loop through a 1500 feed 
resistor and a ring relay contact. Functions with the Ring terminal to receive voice signals from the 
telephone and for loop monitoring purposes. 

3 

2 

RING 

An analog input connected to the RING (more negative) side of the subscriber loop through a 1500 
feed resistor and a ring relay contact. Functions with the Tip terminal to receive voice signals from the 
telephone and for loop monitoring purposes. 

■ 

3 

RFS 

Senses ring side of loop for ground key and ring trip detection. During ringing, the ring signal is insert¬ 
ed into the line at this node and RF is isolated from RFS via a relay. 

5 

4 

Vb+ 

Positive Voltage Source - Most positive supply. Vb+ is typically 12V or 5V. 

6 

5 

■ 

Capacitor #3 - An external capacitor to be connected between this terminal and analog ground. 
Required for proper operation of the loop current limiting function, and for filtering Vb-. Typical value 
is 0.3pF, 30V. 

■ 

6 

DG 

(Note 5) 

Digital Ground - To be connected to zero potential and serves as a reference for all digital inputs and 
outputs on the SLIC microcircuit. 

9 

7 

RS 

Ring Synchronization Input - A TTL - compatible clock input. The clock should be arranged such that 
a positive pulse transition occurs on the zero crossing of the ring voltage source, as it appears at the 
RFS terminal. For Tip side Injected systems, the RS pulse should occur on the negative going zero 
crossing and for Ring injected systems, on the positive going zero crossing. This ensures that the ring 
relay activates and deactivates when the instantaneous ring voltage is near zero. If synchronization is 
not required, the pin should be tied to 5V. 

10 

8 

W 

Relay Driver - A low active open collector logic output. When enabled, the external ring relay is 
energized. 

11 

9 

TF 

Tip Feed - A low Impedance analog output connected to the TIP terminal through a 1 50Q feed resistor. 
Functions with the RF terminal to provide loop current, feed voice signals to the telephone set, and 
sink longitudinal current. 

12 

10 

RF 

Ring Feed - A low impedance analog output connected to the RING terminal through a 150^2 feed 
resistor. Functions with the TF terminal to provide loop current, feed voice signals to the telephone 
set, and sink longitudinal current. 

13 

11 

Vb' 

Negative Voltage Source - Most negative supply. Vb- is typically -48V with an operational range of 
-42V to -58V. Frequently referred to as “battery”. 

14 

12 

BG 

(Note 5) 

Battery Ground - To be connected to zero potential. All loop current and some quiescent current flows 
into this ground terminal. 

16 

13 

SHD 

Switch Hook Detection - A low active LS TTL - compatible logic output. This output Is enabled for loop 
currents exceeding 10mA and disabled for loop currents less than 5mA. 

17 

14 

Skd 

Ground Key Detection - A low active LS TTL - compatible logic output. This output is enabied if the DC 
current into the ring lead exceeds the DC current out of the tip lead by more than 20mA, and disabled 
if this current difference is less than 10mA. 

18 

15 

PD 

Power Denial - A low active TTL - Compatible logic Input. When enabled, the switch hook detect (SHD) 
and ground key detect (GKD) are not necessarily valid, and the relay driver (RD) output is disabled. 

19 

16 


Ring Command - A low active TTL - Compatible logic input. When enabled, the relay driver (^) out¬ 
put goes low on the next high ievei of the ring sync (RS) input, as long as the SLiC is not in the power 
denial state (PD - 0) or the subscriber is not already off- hook (SHD =: 0). 

20 

17 

■ 

Capacitor #2 - An external capacitor to be connected between this terminal and digital ground. Pre¬ 
vents false ground key indications from occurring during ring trip detection. Typical value Is 0.15pF, 
10V. This capacitor is not used If ground key function is not required and (Pin 17) may be left open or 
connected to digital ground. 

21 

18 

OUT 

The analog output of the spare operational amplifier. The output voltage swing is typically ±5V. 
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HC-5504B 


Pin Descriptions {Continued) 


28 PIN 24 PIN 

PLCC DIP/SOIC SYMBOL 


DESCRIPTION 


-IN The inverting analog input of the spare operational amplifier. 


+IN I The non-inverting analog Input of the spare operational amplifier. 


Receive Input, 4-Wire Side - A high impedance analog input which is internally biased. Capacitive cou¬ 
pling to this input is required. AC signals appearing at this input differentially drive the Tip feed and 
Ring feed terminals, which in turn drive tip and ring through 300Q of feed resistance on each side of 
the line. 


Capacitor #4 - An external capacitor to be connected between this terminal and analog ground. This 
capacitor prevents false ground key indication and false ring trip detection from occurring when longi¬ 
tudinal currents are induced onto the subscriber loop from near by power lines and other noise sourc¬ 
es. This capacitor is also required for the proper operation of ring trip detection. Typical value is O.SpF, 
to 1 .OpF, 20V. This capacitor should be nonpolarized. 


AG Analog Ground - To be connected to zero potential and serves as a reference for the transmit output 
(Note 5) (TX) and receive input (RX) terminals. 


Transmit Output, 4-Wire Side - A low impedance analog output which represents the differential volt¬ 
age across Tip and Ring. Transhybrid balancing must be performed (using the SLIC microcircuit’s 
spare op amp) beyond this output to completely implement two to four wire conversion. This output is 
unbalanced and referenced to analog ground. Since the DC level of this output varies with loop cur¬ 
rent, capacitive coupling to the next stage is essential. 


No internal connection. 


1,8,15,22 


NOTE: 

5. All grounds (AG, BG, and DG) must be applied before V8+ or Vg-. Failure to do so may result in premature failure of the part. If a user 
wishes to run separate grounds off a line card, the AG must be applied first.___ 



Functionai Diagram 
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HC-5504B 



Overvoltage Protection and Longitudinal 
Current Protection 

The SLIC device, In conjunction with an external protection 
bridge, will withstand high voltage lightning surges and 
power line crosses. 

High voltage surge conditions are as specified in Table 1. 

The SLIC will withstand longitudinal currents up to a maxi> 
mum or 30mAp|^s> without any perfor¬ 

mance degradation. 


PERFORMANCE 


PARAMETER 

CONDITION 

(MAX) 

UNITS 

Longitudinal 

lOps Rise/ 

±1000 (Plastic) 

VpEAK 

Surge 

lOOOps Fall 

±500 (Ceramic) 

VpEAK 

Metallic Surge 

lOps Rise/ 

±1000 (Plastic) 

VpEAK 


lOOOps Fail 

±500 (Ceramic) 

VpEAK 

T/GND 

lOps Rise/ 

±1000 (Plastic) 

VpEAK 

R/GND 

lOOO^s Fall 

±500 (Ceramic) 

VpEAK 

50/60HZ Current 

T/GND 

11 Cycles 

700 (Plastic) 

Vrms 

R/GND 

Limited to 

350 (Ceramic) 

VrmS 


IOArms 
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Applications Diagram 


SYSTEM CONTROLLER 



FOWth SWITCH SHOUFIS ring fflNS 
DENIAL nOOK KEY SYNC CRD 
„ DETECT DETECT 
fW RX 

TIP 


TX 

TIP FEED 

SLIC 

HC-5504B 

+IN 


OP AMP 4 

-IN 

OUT 

RING FEED 


C2 

RING FEED SENSE 

C3 

NEG. BATT. 
BATT. GND. 

DIG. ANA. 
GND. GND. 

C4 

Vb+ 

K 

• 

J 

6 ci J. 

-48V ■=• 


Vb + 


BALANCE NETWORK 




150Vpeak(MAX) 
RING GENERATOR 


FIGURE 1 . TYPICAL LINE CIRCUIT APPLICATION WITH THE MONOLITHIC SLIC 
Typical Component Values 

C 2 = 0.15|iF, 10V = Rg = R 3 = 100k (0.1% Match Required, 1% absolute 

Cg = o.3)xF, 30V value) ZB = 0 for 600Q Terminations (Note 7). 

Ca = O.SuFto I.OuF, 10%, 20V (Should be nonpolarized) = ^82 = ^83 = R84 = ‘•SOii (0.1% Match Required, 1% 

^ absolute value). 

C 5 = O.S^F, 20V ' 

Cg = C 7 = O.SuF (10% Match Required) (Note 7) = Rs 2 =1 k£i, typKjally. 

C = 0 OluF 100V ° •yP'cally. depending on Vr,ng and 

® • F I length. 

Cg = 0.01 pF, 20V, ±20% z, = 150V to 200V transient protection. 

PTC used as ring generator ballast. 


6 . Secondary protection diode bridge recommended is a 2A, 200V type. 

7. To obtain the specified transhybrid loss it is necessary for the three legs of the balance network, Cg-Ri and Rg and C 7 -ZB-R 3 , to match 
In impedance to within 0,3%. Thus, If Ce and C 7 are IpF each, a 20% match Is adequate. It should be noted that the transmit output to 
Ce sees a -22V step when the loop is closed. Too large a value for Ce may produce an excessively long transient at the op amp output 
to the PCM Filter/CODEC. 

A O.SpF and lOOkQ gives a time constant of 50ms. The uncommitted op amp output is Internally clamped to stay within ±5.5V and also 
has current limiting protection. 

8 . All grounds (AG, BG, and DG) must be applied before Vg-f or Vg-. Failure to do so may result in premature failure of the part. If a user 
wishes to run separate grounds off a line card, the AG must be applied first. 

9. Application shows Ring Injected Ringing, Balanced or Tip injected configuration may be used. 

10. Pin numbers given for DIP/SOiC package. 
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SEMICONDUCTOR 


HC-5502B 


January 1997 


sue 

Subscriber Line interface Circuit 


Features 

• Pin For Pin Replacement For The HC-5502A 

• Capable of 12V or 5V (Vb+) Operation 

• Monolithic integrated Device 

• Dl High Voltage Process 

• Compatible With Worldwide PBX Performance 
Requirements 

• Controlled Supply of Battery Feed Current for Short 
Loops (30mA) 

• Internal Ring Relay Driver 

• Low Power Consumption During Standby 

• Switch Hook, Ground Key and Ring Trip Detection 
Functions 

• Selective Denial of Power to Subscriber Loops 

Applications 

• Solid State Line Interface Circuit for Analog and Digital 
PBX Systems 

• Direct Inward Dial (DID) Trunks 

• Voice Messaging PBXs 

• Related Literature 

- AN549, The HC-5502S/4X Telephone Subscriber 
Line Interface Circuits (SLIC) 

- AN571, Using Ring Sync with HC-5502A and 
HC-5504 SLICs 


Description 

The Harris SLIC incorporates many of the BORSHT functions on 
a single 1C chip. This includes DC battery feed, a ring relay driver, 
supervisory and hybrid functions. This device Is designed to 
maintain transmission performance in the presence of externally 
induced longitudinal currents. Using the unique Harris dielectric 
isolation process, the SLIC can operate directly with a wide 
range of station battery voltages. 

The SLIC also provides selective denial of power. If the PBX sys¬ 
tem becomes overloaded during an emergency, the SLIC will 
provide system protection by denying power to selected sub¬ 
scriber loops. 

The Harris SLIC is ideally suited for the design of new digital PBX 
systems, by eliminating bulky hybrid transformers. 

Ordering Information 


PART NUMBER 

TEMP. RANGE 
(»C) 

PACKAGE 

PKG. NO. 

HC1-5502B-5 

0to75 

24 Ld CERDIP 

F24.6 

HC1-5502B-9 

-40 to 85 

24 Ld CERDIP 

F24.6 

HC3-5502B-5 

0to75 

24LdPDIP 

E24.6 

HC4P5502B-5 

0to75 

28 Ld PLCC 

N28.45 

HC9P5502B-5 

0to75 

24 Ld SOIC 

M24.3 

HC9P5502B-9 

-40 to 85 

24 Ld SOIC 

M24.3 



CAUTION; These devices are sensitive to electrostatic discharge. Users should follow proper 1C Handling Procedures. 
Copyright ©Harris Corporation 1997 >• 


File Number 2884.3 









HC-5502B 


Absolute Maximum Ratings (Note 1) 


Thermal Information 


Supply Voltage Thermal Resistance (Typical, Note 2) Gja (°C/W) 

(Vb-) .-60 to 0.5V CERDIP Package. 52 

(Vb->-) .-0-5 to 15V pDip Package. 65 

(Vb+ - Vb-) .75V SOIC Package. 75 

Relay Drive Voltage (Vrd) .-0.5 to 15V pi_cc Package. 65 

Maximum Junction Temperature (Hermetic Package).175°C 

Operating Conditions Maximum Junction Temperature (Plastic Package).150°C 

Relay Driver Voltage (Vrd) .5V to 12V Maximum Storage Temperature Range.-65“C to 150“C 

Positive Supply Voltage (Vb+) ... 4.75V to 5.25V or 10.8V to 13.2V M^mum Lead Temperature (Soldering 10s).300»C 

Negative Supply Voltage (Vg-).-42V to -58V 

High Level Logic Input Voltage.2.4V 

Low Level Logic Input Voltage.0.6V Die Characteristics 

Loop Resistance (Ri_).200 to 1200Q Transistor Count.183 

Operating Temperature Range Diode Count.33 

HC-5502B-5.0°C to 75°C Die Dimensions.137 mils x 102 mils 

HC-5502B-9.-40°C to 85°C SnhRtrate Potential_Vo- 


Substrate Potential 
Process. 


.33 

137 mils X 102 mils 

.Vb- 

.Bipolar-DI 


CAUTION: Stresses above those listed in “Absoiute Maximum Ratings" may cause permanent damage to the device. This is a stress oniy rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


1. Absolute maximum ratings are limiting values, applied individually, beyond which the serviceability of the circuit may be impaired. 
Functional operability under any of these conditions is not necessarily implied. 

2. Gja is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications unless otherwise specified, Vb- = -48V, Vb+ = 12V and 5V, AG = BG = DG = OV, Typical Parameters 
Ta = 25°C. Min-Max Parameters are Over Operating Temperature Range 


PARAMETER 


On Hook Power Dissipation 


Off Hook Power Dissipation 


Off Hook Ib+ 


Off Hook Ib+ 


Off Hook Loop Current 


Off Hook Loop Current 


Off Hook Loop Current 


Fault Currents 
TIP to Ground 


RING to Ground 


TIP and RING to Ground 


Ring Relay Drive VoL 


Ring Relay Driver Off Leakage 


Ring Trip Detection Period 


Switch Hook Detection Threshold 


TEST CONDITIONS 


Ilong = 0. Vb-h = 12V (Note 3) 


Rl = 6000, Ilong = 0. Vb+ = 12V (Note 3) 


Rl = 6000, Ilong = 0. ^a = -40°C (Note 3) 


Rl = 6000, Ilong = 0. Ta = 25°C (Note 3) 


Rl = 6000, Ilong = 0 (Note 3) 


Rl = 12000, Ilong = 0 (Note 3) 


Rl = 12000, Vb- = -42V, Ilong = 0. Ta = 25°C 
(Note 3) 
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HC-S502B 


Electrical Specifications Unless otherwise Specified, Vb- = -48V, Vb+ = 12 V and 5V, AG > BG - DG = OV, Typical Parameters 
Ta = 25°C. Min-Max Parameters are Over Operating Temperature Range (Continued) 


PARAMETER 

TEST CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Ground Key Detection Threshold 

SKD = Vol 

20 

- 

- 

mA 

5RI5 = Voh 

- 

- 


mA 

Loop Current During Power Denial 

Rl = 200O 


±2 

- 

mA 

Dial Pulse Distortion 


0 

- 

5 

ms 

Receive input impedance 

(Note 4) 

- 

110 

- 

kO 

Transmit Output Impedance 

(Note 4) 

- 

10 

20 

O 

2-Wire Return Loss 

SRLLO 

Referenced to 6000 +2.16pF (Note 4) 

■ 

15.5 

■ 

dB 

ERL 


- 

24 

- 

dB 

SRLHI 

- 

31 

- 

dB 

Longitudinal Balance 

2-Wire Off Hook 

1 Vrms 200 Hz - 3400Hz, (Note 4) 

IEEE Method 

0°C^Ta<75®C 

58 

65 

■ 

dB 

2-Wire On Hook 

60 

63 

- 

dB 

4-Wire Off Hook 

50 

58 

- 

dB 

Low Frequency Longitudinal Balance 

R.E.A. Method, (Note 4) 

Rl = 6000, 

0OC^TA:g75°C 

- 

- 

23 

dBmC 

- 

- 

-67 

dBmOp 

Insertion Loss 

2-Wire to 4-Wire, 4-Wire to 2-Wire 

At 1kHz, OdBm Input Level, Referenced 6000 

■ 

±0.05 

± 0.2 

dB 

Frequency Response 

200 - 3400Hz Referenced to Absolute 

Loss at 1kHz and OdBm Signal Level (Note 4) 

■ 

± 0.02 

±0.05 

dB 

Idle Channel Noise 

2-Wlre to 4-Wire, 4-Wire to 2-Wire 

(Note 4) 

- 

1 

5 

dBrnC 

- 

-89 

-85 

dBmOp 

Absolute Delay 

2-Wire to 4-Wire, 4-Wire to 2-Wire 

(Note 4) 

■ 

■ 

2 

ps 

Trans Hybrid Loss 

Balance Network Set Up for 6000 

Termination at 1kHz 

36 

40 

■ 

dB 

Overload Level 

2-Wlre to 4-Wire, 4-Wire to 2-Wire 

Vb+ = 5V 

1.5 



mom 

Vb+ = 12V 

1.75 

- 

- 

VpEAK 

Level Linearity 

2-Wire to 4-Wire, 4-Wire to 2-Wire 

At 1kHz, (Note 4) Referenced to OdBm Level 
+3 to -40dBm 

■ 

■ 

±0.05 

dB 

-40to-50dBm 

- 

- 

± 0.1 

dB 

-50to-55dBm 

- 

- 

±0.3 

dB 


































































































HC-S502B 


Electrical Specifications Unless otherwise Specified, Vb- = -48V, Vb-k ^ 12 V and 5V, AG » BG DQ OV, Typical Parameters 
Ta 25°C. Min-Max Parameters are Over Operating Temperature Range (Continued) 


PARAMETER 


Power Supply Rejection Ratio 
Vb+ to 2-Wire 


Vb+ to Transmit 


Vb- to 2-Wire 


Vb- to Transmit 


VB+to2-Wlre 


Vb+ to Transmit 


Vb- to 2-Wire 


Vb* to Transmit 


Logic Input Current (RS, RC, PD) 


Logic Inputs 
Logic ‘0’ V|L 


Logic‘1’V|H 


Logic Outputs 
Logic ‘0’ VoL 


Logic ‘V Vqh 


TEST CONDITIONS 


30 - 60H2, 
Rl = 6000, 
(Note 4) 


200 - 16kHz, 
Rl 6000 


OV^ V,N^ 5V 



•load 800mA, Vb+ = 12V, 5V 


•loadSOmA, Vb+»12V 


•load 40mA, Vb+ = 5V 


Uncommitted Op Amp Specifications 


PARAMETER 


Input Offset Voltage 


input Offset Current 


Input Bias Current 


Differential Input Resistance 


Output Voltage Swing 


Output Resistance 


Small Signal GBW 


TEST CONDITIONS 




3- •long = Longitudinal Current 

4. These parameters are controlled by design or process parameters and are not directly tested. These parameters are characterised upon 
initial design release, upon design changes which would affect these characteristics, and at intervals to assure product quality and 
specification compliance. 
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HC-5502B 


Pin Descriptions 


28 PIN 24 PIN 

PLCC DIP/SOIC SYMBOL 











I PD 



I RC 



C 


















21 18 OUT 


23 19 -IN 


An analog input connected to the TIP (more positive) side of the subscriber loop through a 150Q 
feed resistor and a ring relay contact. Functions with the Ring terminal to receive voice signals from 
the telephone and for loop monitoring process. 


An analog input connected to the RING (more negative) side of the subscriber loop through a 150Q 
feed resistor and a ring relay contact. Functions with the Tip terminal to receive voice signals from 
the telephone and for loop monitoring purposes. 


Positive Voltage Source - Most positive supply. Ve+ is typically 12V or 5V. 


Capacitor #1 - Optional Capacitor used to improve power supply rejection. This pin should be left open 
If unused. 


Capacitor #3 - An external capacitor to be connected between this terminal and analog ground. Re¬ 
quired for proper operation of the loop current limiting function, and for filtering Vg- supply. Typical 
value is 0.3pF, 30V. 


Digital Ground - To be connected to zero potential and serves as a reference for all digital inputs and 
outputs on the SLIC. 


Ring Synchronization Input - A TTL - compatible clock input. The clock should be arranged such that 
a positive transition occurs on the negative going zero crossing of the ring voltage source, ensuring 
that the ring relay is activated and deactivated when the instantaneous ring voltage is near zero. If 
synchronization is not required, tie to 5V. 


Relay Driver - A low active open collector logic output. When enabled, the external ring relay is 
energized. 


Tip Feed - A low impedance analog output connected to the TIP terminal through a 150Q feed 
resistor. Functions with the RF terminal to provide loop current, feed voice signals to the telephone 
set, and sink longitudinal current. 


Ring Feed - A low impedance analog output connected to the RING terminal through a 150Q feed 
resistor. Functions with the TF terminal to provide loop current, feed voice signal to the telephone 
set, and sink longitudinal current. 


Negative Voltage Source - Most negative supply. Vg- is typically -48V with an operational range of - 
42V to -58V. Frequently referred to as “battery”. 


Battery Ground - To be connected to zero potential. All loop current and some quiescent current 
flows into this ground terminal. 


Switch Hook Detection - A low active LS TTL - compatible logic output. This output is enabled for 
loop currents exceeding 10mA and disabled for loop currents less than 5mA. 


Ground Key Detection - A low active LS TTL - compatible logic output. This output is enabled If the 
DC current into the ring lead exceeds the DC current out of the tip lead by more than 20mA, and 
disabled if this current difference is less than 10mA. 


Powe r Denial - A low active T TL - C ompatible logic input. When enabled the switch hook detect 
(SHD) and ground key detect (GKD) are not necessarily valid, and the relay driver (RD) output is 
disabled. 


Ring Command - A low active TTL - Compatible logic input. When enabled, the relay driver (RD) 
output goes low on the next rising edge of the ring sync (RS) input, as long a s the SLIC is not in the 
power denial state (PD = 0) or the subscriber Is not already off- hook (SHD = 0). 


Capacitor #2 - An external capacitor to be connected between this terminal and digital ground. 
Prevents false ground key indications from occurring during ring trip detection. Typical value is 
O.ISpF, 10V. This capacitor Is not used if ground key function is not required. 


The analog output of the spare operational amplifier. 


The inverting analog Input of the spare operational amplifier. 
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HC-5502B 


Pin Descriptions (Continued) 


28 PIN 
PLCC 

24 PIN 
DIP/SOIC 

SYMBOL 

DESCRIPTION 

24 

20 

+IN 

The non-inverting analog Input of the spare operational amplifier. 

25 

21 

RX 

Receive input, 4-Wire Side - A high impedance analog input which is internally biased. Capacitive 
coupling to this input is required. AC signals appearing at this input differentially drive the Tip feed 
and Ring feed amplifiers, which in turn drive tip and ring through 3000 of feed resistance on each 
side of the line. 

26 

22 

■ 

Capacitor #4 - An external capacitor to be connected between this terminal and analog ground. This 
capacitor prevents false ground key indication and false ring trip detection from occurring when lon¬ 
gitudinal currents are induced onto the subscriber loop from nearby power lines and other noise 
sources. This capacitor is also required for the proper operation of ring trip detection. Typical value 
is 0.5pF to 1 .OpF, 20V. This capacitor should be nonpolarized. 

27 

23 

AG 

(Note 5) 

Analog Ground • To be connected to zero potential and serves as a reference for the transmit output 
(TX) and receive Input (RX) terminals. 

28 

24 

TX 

Transmit Output, 4-Wire Side - A low impedance analog output which represents the differential volt¬ 
age across Tip and Ring. Transhybrid balancing must be performed (using the SLIC microcircuit’s 
spare op amp) beyond this output to completely implement two to four wire conversion. This output 
is unbalanced and referenced to analog ground. Since the DC level of this output varies with loop 
current, capacitive coupling to the next stage is essential. 

1,8, 5,22 


NC 

No internal connection. 


5. All grounds (AG, BQ, and DQ) must be applied before Vq-i- or Vb-. Failure to do so may result in premature failure of the part. If a user 
wishes to run separate grounds off a line card, the AG must be applied first. 


Functionai Diagram 


RING 

VOLTAGE RING SYNC 
I RING COMMAND 


POWER DENIAL 


RING 

CONTROL 


LOOP 

MONITORING 


_i’ Vo- • 1 

-T- 


SECONDARY 

1 >-t- 

- BATTERY 


PROTECTION 

rx ! 



t -.bg • 

-1-’ 



LOOP 

CURRENT 

LIMITER 


LINE 

DIRVERS 



SLIC MICROCIRCUIT 


iSHD SWITCH HOOK 
I—► DETECTION 

GROUND KEY 
I DETECTION 


TX TRANSMIT 
OUTPUT 


RX^ RECEIVE 
INPUT 
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HC-5S02B 



Overvoltage Protection and Longitudinal 
Current Protection 

The SLIC device, In conjunction with an external protection 
bridge, will withstand high voltage lightning surges and 
power line crosses. 

High voltage surge conditions are as specified in Table 1. 

The SLIC will withstand longitudinal currents up to a 
maximum or SOmARMS, 15mARMS per leg, without any 
performance degradation 


PERFORMANCE 


PARAMETER 

CONDITION 

(MAX) 

UNITS 

Longitudinal 

lOjis Rise/ 

±1000 (Plastic) 

VpEAK 

Surge 

lOOO^s Fall 

±500 (Ceramic) 

BHil 

Metallic Surge 

lOfiS Rise/ 

±1000 (Plastic) 

BiiH 


1000(is Fall 

±500 (Ceramic) 


T/GND 

lOjis Rise/ 

±1000 (Plastic) 

1 VpEAK 

R/GND 

lOOOiis Fail 

±500 (Ceramic) 

loss 

50/60HZ Current 

T/GND 

11 Cycles 

700 (Plastic) 


R/GND 

Limited to 
IOArms 

350 (Ceramic) 
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HC-S502B 


Applications Diagram 



Typical Component Values 

Ci = O.S^iF (Note 6 ) 

C 2 = 0.15hF. 10V 
C 3 = 0.3^iF,30V 

C 4 = O.S^iF to I.O^F, 10%, 20V (Should be nonpolarized) 

C5 = 0.5^iF,20V 

Ce = C 7 = O.S^iF (10% Match Required) (Note 7), 20V 
C 8 = 0.01hF, 100V 
C9 = 0.01^lF,20V,±20% 

NOTES; 

6 . Cl is an optional capacitor used to improve Vb+ supply rejection. This pin must be left open if unused. 

7. To obtain the specified transhybrid loss it is necessary for the three legs of the balance network, Cg-R-i and R 2 and C 7 *ZB-R 3 , to match 
in impedance to within 0.3%. Thus, if Cg and C 7 are IpF each, a 20% match is adequate. It should be noted that the transmit output to 
Ce sees a -22V step when the loop is closed. Too large a value for Ce may produce an excessively long transient at the op amp output 
to the PCM Filter/CODEC. 

A 0.5|xF and 100id2 gives a time constant of 50ms. The uncommitted op amp output is internally clamped to stay within ±5.5V and also 
has current limiting protection. 

8 . Secondary protection diode bridge recommended is a 2A, 200V type. 

9. All grounds (AG, BG, and DG) must be applied before Vb+ or Vg-. Failure to do so may result in premature failure of the part. If a user 
wishes to run separate grounds off a line card, the AG must be applied first 

10. Pin numbers given for DIP/SOIC package. 


R., = Rg = Rg = lOOkQ (0.1% Match Required, 1% absolute 
value), ZB = 0 for 60012 Terminations (Note 7) 

Rbi = Rb 2 ~ ^B 3 ~ ^B 4 “ ^ 5012 (0. 1 % Match Required, 1 % 
absolute value) 

Rs = 1kl2, Cs = 0.1 jiF, 200V typically, depending on Vri^q 
and line length. 

= 150V to 200V transient protection. PTC used as ring 
generator ballast. 
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Features 

• Meets or Exceeds All AT&T D3/D4 Specifications and CCITT 
Recommendations 

• Complete CODEC and Filtering Systems: No External Components 
for Sample-and-Hold and Auto-Zero Functions. Receive Output Fil¬ 
ter with (SIN X)/X Correction and Additional 8kHz Suppression 

• Variable Data Clocks - From 64kHz.2.1MHz 

• Receiver Includes Power-Up Click Fiiter 

• TTL or CMOS-Compatible Logic 

• ESD Protection on All Inputs and Outputs 

Applications 

• PABX 

• Central Office Switching Systems 

• Accurate A/D and D/A Conversions 

• Digital Telephones 

• Cellular Telephone Switching Systems 

• Voice Scramblers - Descramblers 

• T1 Conference Bridges 

• Voice Storage and Retrieval Systems 

• Sound Based Security Systems 

• Computerized Voice Analysis 

• Mobile Radio Telephone Systems 

• Microwave Telephone Networks 

• Fiber-Optic Telephone Networks 


Description 


The CD22354A and CD22357A are monolithic silicon- 
gate, double-poly CMOS integrated circuits containing 
the band-limiting filters and the companding A/D and D/A 
conversion circuits that conform to the AT&T D3/D4 
specifications and CCITT recommendations. The 
CD22354A provides the AT&T p-law and the CD22357A 
provides the CCITT A-law companding characteristic. 

The primary applications for the CD22354A and 
CD22357A are in telephone systems. These circuits 
perform the analog and digital conversions between the 
subscriber loop and the PCM highway in a digital 
switching system. The functional blod( diagram is 
shown below. 

With flexible features, including synchronous and 
asynchronous operations and variable data rates, the 
CD22354A and CD22357A are Ideally suited for PABX, 
central office switching system, digital telephones as 
well as other applications that require accurate A/D and 
D/A conversions and minimal conversion time. 

Ordering Information 
__ 

NUMBER RANGE C’C) PACKAGE PKG. NO. 
CD22354AE -40 to 80 16 Ld PDIP E16.3 

CD22357AE -40 to 80 16 Ld PDIP El 6.3 


Pinout 


CD22354A, C022357A 
(PDIP) 

TOP VIEW 


Functional Block Diagram 

FULL-FEATURE PCM CODEC 



lANn-ALLASI 
1 FILTER r 


TRANSMIT COMPARATOR 
LADDER 


BAND 

GAP 

REFERENCE 


CO VFrO^ 




[ SJV.R. I— 
XMIT DIGITAL 


I I 

J REGISTER I 


I PARALLEL! 
SERIAL I 


SE^ 

IparallelI 


Rev DIGITAL 


1 RECEIVE I 

1d/a ladder! 


<FSr 1 ^ 
^BCLK„/^| 

' clkselI 2 
<Dr j g 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1C Handling Procedures. 
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CD22354A, CD22357A 


Absolute Maximum Ratings 


Thermai Information 


DC Supply-Voltage, (V+). 

.-0.5to7V 

Maximum Junction Temperature. 

. 175°C 

DC Supply-Voltage, (V-). . 

.0.5to-7V 

Maximum Junction Temperature (Plastic Package) 

.150°C 

DC Input Diode Current, 


Maximum Storage Temperature Range (Tsjg)- 

.-65°Cto150OC 

l,K (V, < V- -0.5V or V, > V+ 0.5V). 

.±20mA 

Maximum Lead Temperature (Soldering 10s). 

. 300°C 

DC Output Diode Current, 

loK (V| < V- -0.5V or Vo > V+ 0.5V).... 

.+20mA 

Operating Conditions 


DC Drain Current, Per Output 

lo (V--0.5V < Vo <V+0.5V). 


Operating-Temperature Range (Ta). 

. .-40°Cto80°C 

DC Supply/Ground Current. 

Power Dissipation Per Package (Pq): 




ForTA = -40°Cto60OC. 

. 500mW 



ForTA = 60OCto85OC. 

. Derate Linearly at 8mW/°C 




to 300mW 



CAUTION: Stresses atx)ve those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 

of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 



Electrical Specifications At = 25°c 


PARAMETER | 

1 SYMBOL 

STATIC SPECIFICATIONS 

Positive Power Supply 

V+ 

Negative Power Supply 

V- 

Power Dissipation (Operating) 

Pqpr 

Power Dissipation (Standby) 



TEST CONDITIONS 


V+ = 5V 
V- = -5V 


Electrical Specifications At Ta = o°c to 70°C; v+ == sv ±5%, v- = -5V ±5% 
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CD22354A, CD22357A 


Electrical Specifications v+ = 5V ±5%, v- = -5V ± 5%, bclKr = bclKx = mclKx == 1 .544MHz, V|n = odBmo, 
Ta = 0°C to 70°C 


PARAMETER 


TEST CONDITIONS 


TRANSMIT AND RECEIVE FILTER TRANSFER CHARACTERISTICS 


Transmit Gain 

(Relative to Gain at IO 2 OH 2 ) 
Input Amplifier Set to Unity Gain 


Receive Gain 

(Relative to Gain at 1020Hz) 
(Includes (SIN X)/X Compensation) 


f=16Hz 


f = 50Hz 


f 60Hz 


f = 200Hz 


f = 300Hz to 3000Hz 


f = 3300Hz 


f = 3400Hz 


f = 4000Hz 


f > 4600Hz, 

Measure 0 - 4kHz Response 


f = 0Hz to 3000Hz 


f = 3300Hz 


f=3400Hz 


4000Hz 



AC Specifications 

Unless otherwise specified, the following conditions apply: 

V+ = 5V ±5%, V- = -5V ±5% 

GNDa, GNDd = OV, Fpx = 1020Hz at OdBmO 

Transmit input amplifier operating in a unity gain configuration 

Temperature.0°C to 70®C 

Receive output is measured single-ended. All output levels are 
(SIN X)/X corrected. 

Definition 

AMPLITUDE RESPONSE 

Absolute Levels Definition: 

Vref = -2-5 V 

Nominal OdBmO level. 

Maximum Overload Level: 

Voltage reference (Vpgp) of -2.5V. 

.4dBm into 600ii 

1.2276Vrms 

.2.5V p-Law 

2.49V A-Law 

AC Specifications Encoding Format at Dx Output 
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Electrical Specifications 


PARAMETER 

SYMBOL 

TEST CONDITIONS 

mooli 

TYP 

MAX 

UNITS 

AC DISTORTION 

Signal to Total Distortion 

Xmit or Rqv 

STDx, STDr 

Level = +3dBmO 

33 

- 

- 

dBc 

Level = 0 to -30dBm0 

36 

- 

-■ 

dBc 

Level = -40dBm0 

30 

- 

- 

dBc 

Level = -55dBmO, XMT 

14 

> 

- 

dBc 

Level = -55dBmO, Rqv 

15 

- 

- 

dBc 

Single Frequency Distortion 

Xmit or Rev 

SFDx, SFDr 


■ 

■ 

-46 

dBc 

Intermodulation 
(End-to-End Measurement) 
2-Tone 

IMD 

Vpx = -4dBmO to -21dBmO 
f1,f2 from 300 to 3400Hz 

■ 

■ 

-41 

dB 

Transmit Delay, Absolute 

^DAX 

f= 1600Hz 

- 

280 

315 

ps 

Transmit Envelope Delay 

Relative to tpAx 

kfEX 

f = 500-600HZ 

- 

170 

220 

ps 

f = 600-1 OOOHz 

- 

70 

145 

ps 

f=1000-2600Hz 

- 

40 

75 

ps 

f = 2600-2800Hz 

- 

90 

105 

ps 

Receive Delay, Absolute 

tpAR 

f= 1600Hz 

- 

180 

200 

ps 

Receive Envelope Delay 

Relative to tpAp 

^DER 

f = 500-600Hz 

-40 

-25 

- 

ps 

f = 600-1 OOOHz 

-40 

-25 

- 

ps 

f=1000-2600Hz 

- 

60 

90 

ps 

f = 2600-2800Hz 

- 

110 

125 

ps 


Electrical Specifications 


PARAMETER 

SYMBOL 

TEST CONDITIONS 

MIN 

TYP 

MAX 

UNITS 


AC GAIN TRACKING 


Transmit Gain Tracking Error 

GTX 

+3 to -40dBm0 

- 


±0.2 

dB 

-40 to -50dBm0 

- 


±0.4 

dB 

-50 to -55dBmO 

- 


±1.2 

dB 

Receive Gain Tracking Error 

GTR 

+3 to -40dBm0 

- 


±0.2 

dB 

-40 to -50dBm0 

- 


±0.4 

dB 

-50 to -55dBmO 

- 


±1.2 

dB 

Transmit Input Amplifier Gain, 

Open Loop 

Aql 

RL^IMOatGSx 

68 

* 

- 

dB 
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Electrical Specifications (Continued) 


PARAMETER 


Transmit Input Amplifier Gain, 
Unity 


Transmit Gain, Absolute 


Receive Gain, Absolute 



TEST CONDITIONS 


Unity Gain Configuration 
inverting or Non-Inverting 
Rl^IOK. Cl^SOpF 


Rl^IOK, Cl^SOpF 


Rl ^ 600Q, Cl ^ 500pF 



Electrical Specifications 


PARAMETER 


Transmit Noise 


Receive Noise 


V+ Power Supply Rejection 
Transmit 


V- Power Supply Rejection 
Transmit 


V+ Power Supply Rejection 
Receive 


V- Power Supply Rejection 
Receive 


Cross Talk Transmit to Receive 


Cross Talk Receive to Transmit 








TEST CONDITIONS 


VFxl- = GND 
VFxl+ = GND 


PCM Code Equivalent to OV 


VFxl+ = 0V 

V+ = 5V + (100mVRMs) 

f = 0kHzto50kH2 


VFxl- = OV 

V- = -5V + (100mVRMs) 
f = 0kHzto50kH2 


PCM Code = All 1 Code 
V+ = 5V + (100mVRMs) 
f = 0kHzto4kHz 


f = 4kHz to 25kHz 


f = 25kHz to 50kHz 


PCM Code = AH 1 Code 
V- = -5V + (100mVRMs) 
f = 0kHzto4kHz 


f = 4kHz to 25kHz 


f = 25kHz to 50kHz 


VFxi- = 0dBm0 at 1020Hz 


Dr = OdBmO at 1020Hz, 
VFxl- = OV 


MAX UNITS 
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Electrical Specifications 


PARAMETER 


Frequency of Master Clocks 


Width of Master Clock High 


Width of Master Clock Low 


Rise Time of Master Clock 


Fall Time of Master Clock 


Set-up Time from BCLKx High 
(and FSx in Long Frame Sync 
Mode) to MCLKx Failing Edge 


Period of Bit Ciock 


Width of Bit Clock High 


Width of Bit Ciock Low 


Rise Time of Bit Clock 


Fall Time of Bit Ciock 


Hold Time from Bit Clock Low to 
Frame Sync 


Hold Time from Bit Clock High to 
Frame Sync 


Set-up Time from Frame Sync to 
Bit Ciock Low 


Delay Time from BCLKx High to 
Data Valid 


Delay Time to TSx Low 


Deiay Time from BCLKx Low or 
FSx L-ow to Data Output Disabled 


Delay Time to Valid Data from 
FSx o*" BCLKx, Whichever Comes 
Later 


Set-up Time from Dr Valid to 
BCLKr/x Low 


Hold Time from BCLKr/x Low to 
Dr Invalid 


Set-up Time from FSx/r to 
BCLKx/r Low 


Hold Time from BCLKx/r Low to 
FSx/r Low 


TEST CONDITIONS 


1/tpM Depends on the Device Used 
and the BCLKr/CLKSEL Pin 


MCLKx and MCLKr 


MCLKx and MCLKr 


MCLKx and MCLKr 


MCLKx and MCLKr 


MCLKx and MCLKr 


First Bit Ciock after the Leading 
Edge of FSx 





tpB s 488ns 


tpB = 488ns 


Long Frame Only 


Short Frame Only 


Long Frame Only 


Load - 150pF plus 2 LSTTL 
Loads 


Load = ISOpF plus 2 LSTTL 
Loads 


CL=:0pFto150pF 




Short Frame Sync Pulse 
(1 or 2 Bit Clock Periods Long) 
(Note1) 


Short Frame Sync Pulse 
(1 or 2 Bit Clock Periods Long) 
(Note 1) 
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Electrical Specifications (Continued) 


PARAMETER 

SYMBOL 

TEST CONDITIONS 

MIN 

Hold Time from 3rd Period of Bit 
Clock Low to Frame Sync 
(FSx or FSr) 

^HBFI 

Long Frame Sync Pulse 

(from 3 to 8-Bit Clock Periods Long) 

100 

Minimum Width of the Frame 

Sync Pulse (Low Level) 

Wl 

64K Bit/s Operating Mode 

160 


NOTE: 

1. For short frame sync timing, FSx and FSr must go high whiie their respective bit docks are high. 


Pin Descriptions 



SYMBOL 


V- 


GND 


VFrO 


V+ 


FSr 


BCLKr/CLK- 

SEL 


8 MCLKr/PDN 



DESCRIPTION 


Negative power suppiy, V- = -5V ±5%. 


Analog and digital ground. All signals referenced to this pin. 


Analog output of RECEIVE FILTER. 


Positive power supply, V+ = 5V ±5%. 


Receive Frame Sync Pulse which enables BCLKr to shift PCM data into Dr. FSr is an 8kHz PULSE 
TRAIN. 


Receive Data input. PCM data is shifted into Dr following the FSr leading edge. 


The Receive Bit Clock, which shifts data Into Dr after the frame sync leading edge, may vary from 64kHz 
to 2.048MHz. Alternatively, the leading edge may be a logic input which selects either 1.536MHz/ 

1.544MHz or 2.048MHz for Master Clock in synchronous mode and BCLKx is used for both transmit and 
receive directions. 


Receive Master Clock. Must be 1 .536MHz, 1 .544MHz or 2.048MHz. May be asynchronous with MCLKx, 
but best performance is realized from synchronous operation. When this pin is continuously connected 
low, MCLKx is selected for ail internal timing. When this pin is continuously connected high, the device is 
powered down. 


Transmit Master Clock. Must be 1.536MHz, 1.544MHz or 2.048MHz. May be asynchronous with MCLKr, 
but best performance is realized from synchronous operation. 


The Bit Clock which shifts out the PCM Data on Dx- May vary from 64kHz to 2.048MHz, but must be syn¬ 
chronous with MCLKx, 


The THREE-STATE PCM Data Output which is enabled by FSx- 


Transmit Frame Sync Pulse input which enables BCLKx to shift out the data on Dx- FSx ^I^Hz 

PULSE TRAIN. 


Open drain output which pulses low during the encoder time slot. 


Transmit gain adjust. 


Inverting input of the transmit Input amplifier. 


Non-inverting input of the transmit input amplifier. 
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Functional Description 

Power Supply Sequencing 

Do not apply Input signal or load on output before powering 
up Vqc supply. Care must be taken to ensure that Dx pin 
goes on common back plane (with other Dx pins from other 
chips). Dx pin cannot drive >50mA before Power-Up. This 
will cause the part to latch up. 

Power-Up 

When power is first applied, the Power-On reset circuitry Ini¬ 
tializes the CODEC and places it in a Power-Down mode. 
When the CODEC returns to an active state from the Power- 
Down mode, the receive output is muted briefly to minimize 
turn-on “click”. 

To power up the device, there are two methods available. 

1. A logical zero at MCLKr/PDN will power up the device, 
provided FSx or FSr pulses are present. 

2. Alternatively, a clock (MCLKr) must be applied to MCLKr/ 
PDN and FSx or FSr pulses must be present. 

Power-Down 

Two power-down modes are available. 

1. A logical 1 at MCLKr/PDN, after approximately 0.5ms, will 
power down the device. 

2. Alternatively, hold both FSx ^od FSr continuously low, 
the device will power down approximately 0.5ms after the 
last FSx or FSr pulse. 

Synchronous Operation 

(Transmit and Receive Sections use the Same Master 
Ciock) 

The same master clock and bit-clock should be used for the 
receive and transmit sections. MCLKx (pin 9) is used to pro¬ 
vide the master clock for the transmit section; the receive 
section will use the same master clock if the MCLKr/PDN 
(pin 8) is grounded (synchronous operation), or at V+ 
(power-down mode). MCLKr/PDN may be clocked only if a 
clock is provided at BCLKr/CLKSEL (pin 7) as in asynchro¬ 
nous operation. 

The BCLKx (pin 10) is used to provide the bit clock to the 
transmit section. In synchronous operation, this bit ciock is 
also used for the receive section if MCLKr/PDN (pin 8) is 
grounded. BCLKr/CLKSEL (pin 7) is then used to select the 
proper internal frequency division for 1.544MHz, 1.536MHz 
or 2.048MHz operation (see Table below). For 1.544MHz 
operation, the device automatically compensates for the 
193rd clock pulse each frame. 

Each FSx pulse begins the encoding cycle and the PCM 
data from the previous encode cycle is shifted out of the 
enabled Dx output on the leading edge of BCLKx- After 8 bit- 
clock periods, the tristate Dx output is returned to a high 
impedance state. With an FSr pulse, PCM data is latched 
via the Dr input on the negative edge of the BCLKx- FSx 
and FSr must be synchronous with MCLKx- 


CLOCKING OPTIONS 



BCLKr/CLKSEL 

MASTER CLOCK 
FREQUENCY SELECTED 

MODE 

(PIN 7) 

CD22354A (p) 

CD22357A (A) 

Asynchronous 

or 

Synchronous 

Clocked 

1.536MHz or 
1.544MHz 

2.048MHz 

Synchronous 

0 

2.048MHz 

1.536MHz or 
1.544MHz 

Synchronous 

1 (or open circuit) 

1.536MHz or 
1.544MHz 

2.048MHz 


Asynchronous Operation 

(Transmit and Receive Sections use Separate Master 
Clocks) 


For the CD22357A, the MCLKx MCLKr must be 
2.048MHz and for the CD22354A must be 1.536MHz or 
1.544MHz. These clocks need not be synchronous. However, 
for best transmission performance, it is recommended that 
MCLKx ^i^cl MCLKr be synchronous. 

For 1.544MHz operation the device automatically compensates 
for the 193rd clock pulse each frame. FSx starts the encoding 
operation and must be synchronous with MCLKx and BCLKx- 
FSr starts the decoding operation and must be synchronous 
with BCLKr. BCLKr must be clocked in asynchronous opera¬ 
tion. BCLKx and BCLKr may be between 64kHz - 2.04MHz. 

Short-Frame Sync Mode 

When the power is first applied, the power Initialization circuitry 
places the CODEC in a short-frame sync mode. In this mode 
both frame sync pulses must be 1 bit-clock period long, with the 
timing relationship shown in Figure 1. 

With FSx *^>9^ during the falling edge of the BCLKx, the next 
rising edge of BCLKx enables the Dx tristate output buffer, 
which will output the sign bit. The following rising seven edges 
clock out the remaining seven bits upon which the next falling 
edge will disable the Dx output. 

With FSr high during the falling edge of the BCLKr (BCLKx in 
synchronous mode), the next falling edge of BCLKr latches in 
the sign bit. The following seven edges latch in the seven 
remaining bits. 

Long-Frame Sync Mode 

In this mode of operation, both of the frame sync pulses must 
be three or more bit-clock periods long with the timing relation¬ 
ship shown in Figure 2. 

Based on the transmit frame sync FSx, the CODEC will sense 
whether short or long-frame sync pulses are being used. 

For 64kHz operation the frame sync pulse must be kept low for 
a minimum of 160ns. 

The Dx tristate output buffer is enabled with the rising edge of FSx 
or the rising edge of the BCLKx, whichever comes later and the 
first bit clocked out is the sign bit. The following seven rising edges 
of the BCLKx clock out the remaining seven bits. The Dx output is 
disabled by the next falling edge of the BCLKx following the 8th 
rising edge or by FSx low whichever comes later. 
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A rising edge on the receive frame sync, FSr, will cause the 
PCM data at Dr to be latched In on the next falling edge of the 
BCLKr. The remaining seven bits are latched on the succes¬ 
sive seven failing edges of the bit-clock (BCLKx in synchronous 
mode). 

Transmit Section 

The transmit section consists of a gain-adjustable input op- 
amp, an anti-aliasing filter, a low-pass filter, a high-pass filter 
and a compressing A/D converter. The input op-amp drives a 
RC active anti-aliasing filter. This filter eliminates the need for 
any off-chip filtering as it provides 30dB attenuation (Min) at the 
sampling frequency. From this filter the signal enters a 5th order 
low-pass filter clocked at 128kHz, followed by a 3rd order high- 
pass filter clock at 32kHz. The output of the high-pass filter directly 
drives the encoder capacitor ladder at an 8kHz sampling rate. A 
precision voltage reference is trimmed in manufacturing to provide 
an input overload of nominally 2.5 Vpeak- Transmit frame sync 


pulse FSx controls the process. The 8-bit PCM data is clocked 
out at Dx by the BCLKx. BCLKx can be varied from 64kHz to 
2.048MHz. 

Receive Section 

The receive section consists of an ©cpanding D/A converter and a 
low-pass filter which fulfills both the AT&T D3/D4 specifications 
and CCITT recommendations. PCM data enters the receive sec¬ 
tion at Dr upon the occurrence of FSr, Receive Frame sync 
pulse. BCLKr, Receive Data Clock, which can range from 64kHz 
to 2.048MHz, clocks the 8-bit PCM data Into the receive data reg¬ 
ister. A D/A conversion Is performed on the 8-blt PCM data and 
the corresponding analog signal is held on the D/A capacitor lad¬ 
der. This signal is transferred to a switched capacitor low-pass fil¬ 
ter clocked at 128kHz to smooth the sample-and-hold signal as 
well as to compensate for the (SIN X)/X distortion. 

The filter is then followed by a second order Sallen and Key active 
filter capable of driving a 600fli load to a level of 7.2dBm. 




I2l I3l I 41 I 51 |6M |7 


lY2Y3Y4Y5Y’6Y7y8 


FIGURE 1. SHORT FRAME-SYNC TIMING 
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sue 

Subscriber Line Interface Circuit 


Features 

Dl Monolithic High Voltage Process 

Compatible with Worldwide PBX and DLC 
Performance Requirements 

Controlled Supply of Battery Feed Current with 
Programmable Current Limit 

Operates with 5V Positive Suppiy (Vb-i*) 

internai Ring Reiay Driver and a Utiiity Reiay Driver 

High impedance Mode for Subscriber Loop 

High Temperature Alarm Output 

Low Power Consumption During Standby Functions 

Switch Hook, Ground Key, and Ring Trip Detection 

Selective Power Denial to Subscriber 

Voice Path Active During Power Denial 

On-Chip Op Amp for 2-Wire Impedance Matching 

Applications 

Solid State Line Interface Circuit for PBX or Digital 
Loop Carrier Systems 

Hotei/Motel Switching Systems 

Direct Inward Dialing (DID) Trunks 

Voice Messaging PBXs 

2-Wire/4-Wire, 4-Wire/2-Wire Hybrid 

Related Literature 

- AN9607, Impedance Matching Design Equations 

- AN9628, AC Voltage Gain 

- AN9608, Implementing Pulse Metering 

- AN549, The HC-5502S/4X Telephone Subscriber 
Line Interface Circuits (SLIC) 


Description 

The HC-5524 telephone Subscriber Line Interface Circuit 
integrates most of the BORSCHT functions on a monolithic 
iC. The device is manufactured in a Dielectric isolation (Di) 
process and is designed for use as a 24V interface between 
the traditional telephone subscriber pair (Tip and Ring) and 
the low voltage filtering and coding/decoding functions of the 
line card. Together with a secondary protection diode bridge, 
the device will withstand 500V induced surges, in plastic 
packages. The SLIC also maintains specified transmission 
performance in the presence of externally Induced 
longitudinal currents. The BORSCHT functions that the SLIC 
provides are: 

• Battery Feed with Subscriber Loop Current Limiting 

• Overvoltage Protection 

• Ring Relay Driver 

• Supervisory Signaling Functions 

• Hybrid Functions (with External Op-Amp) 

• Test (or Battery Reversal) Relay Driver 

In addition, the SLIC provides selective denial of power to 
subscriber loops, a programmable subscriber loop current 
limit from 20mA to 60mA, a thermal shutdown with an alarm 
output and line fault protection. Switch hook detection, ring 
trip detection and ground key detection functions are also 
incorporated in the SLIC device. 

The HC-5524 SLIC is ideally suited for line card designs in 
PBX and DLC systems, replacing traditional transformer 
solutions. 

Ordering Information 


PART NUMBER 

TEMP. 
RANGE C^C) 

PACKAGE 

PKG. 

NO. 

HC3-5524-5 

0to76 

28 Ld PDIP 

E28.6 

HC3-5524-9 

-40 to 85 

28 Ld PDIP 

E28.6 

HC4P5524.5 

0to75 

44 Ld PLCC 

N44.65 

HC4P5524-9 

-40 to 85 

44 Ld PLCC 

N44.65 

HC9P5524-5 

0to75 

28 Ld SOIC 

M28.3 

HC9P6524-9 

-40 to 85 

28 Ld SOIC 

M28.3 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
Copyright ©Harris Corporation 1997 
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Absolute Maximum Ratings (Note 1) 

Maximum Supply Voltages 

(Vb+) .-0.5V to 7V 

(Vb+)-(Vb-).40V 

Relay Drive Voltage.-0.5V to 15V 

Operating Conditions 

Operating Temperature Range 

HC-5524-5 . 0°CtoTAto75OC 

HC-5524-9 . . -40°C to to 85°C 

Relay Driver Voltage.5V to 12V 

Positive Power Supply (Vb+) .5V ±5% 

Negative Power Supply (Vb*) .-20V to -28V 


Thermai Information 

Thermal Resistance (Typical, Note 2) Oja (°C/W) 

PDIP Package. 55 

PLCC Package.. 47 

SOIC Package. 75 

Maximum Junction Temperature (Plastic Package).. 150°C 

Maximum Storage Temperature Range.-65°C to Ta to 150°C 

Maximum Lead Temperature (Soldering 10s).300°C 

(PLCC and SOIC - Lead Tips Only) 

Die Characteristics 

Transistor Count.224 

Diode Count.28 

Die Dimensions.174 mils x 120 mils 

Substrate Potential.Connected 

Process.Bipolar-DI 

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress oniy rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not impiied. 

NOTES: 

1. Absolute maximum ratings are limiting values, applied individually, beyond which the serviceability of the circuit may be impaired. 
Functional operability under any of these conditions is not necessarily implied. 

2. 0JA is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications Typical Parameters are at Ta = 25°C, Vb+ = 5V, Vb- = -24V, AG = DG = BG = OV. Min-Max Parameters are 
Over Operating Positive and Negative Battery Voltages and Over the Operating Temperature Range. All 
Parameters are Specified at 600W 2-Wire Terminating Impedance, Unless Otherwise Specified 


PARAMETER 

TEST CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

AC TRANSMISSION PARAMETERS 

RX Input Impedance 

300Hz to 3.4kHz, (Note 3) 

- 

100 

- 

kO 

TX Output Impedance 

- 

- 

20 

O 

4-Wire Input Overload Level 

300Hz to 3.4kHz, 6000 Reference 

+1.0 

- 

- 

VpEAK 

2-Wire Return Loss 

SRL LO 

Matched for 600Q, (Note 3) 

26 

35 

■ 

dB 

ERL 

30 

40 

- 

dB 

SRL HI 

30 

40 


dB 

2-Wire Longitudinal to Metallic Balance Off Hook 

Per ANSI/IEEE STD 455-1976, 

300Hz to 3400Hz, (Note 3) 

58 

63 

■ 

dB 

4-Wire Longitudinal Balance Off Hook 

Per ANSI/IEEE STD 455-1976, 

300Hz to 3400Hz, (Note 3) 

50 

55 

■ 

dB 

Low Frequency Longitudinal Balance 

R.E.A. Test Circuit 

- 

-80 

-67 

dBmp 

Iline = 40mA, Ta = 25°C (Note 3) 

- 

10 

23 

dBrnC 

Longitudinal Current Capability 

Iline = 40mA, Ta == 25°C (Note 3) 

- 

- 

40 


Insertion Loss 

2-Wire/4-Wire 

-1.58dBm at 1kHz, Referenced 6000 

■ 

±0.05 

±0.2 

dB 

4-Wire/2-Wire 

OdBm at 1kHz, Referenced 6000 

- 

±0.05 

±0.2 

dB 

4-Wire/4-Wire 

-1.58dBm at 1kHz, Referenced 6000 

- 

- 

±0.2 

dB 

Frequency Response 

300Hz to 3400Hz, Referenced to Absolute Level 
at 1kHz, OdBm Referenced 6000 (Note 3) 

■ 

±0.02 

±0.06 

dB 
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Electrical Specifications Typical Parameters are at = 25°C, Vb+ = 5V, Vg- = -24V, AG = DG = BG = OV Min-Max Parameters are 
Over Operating Positive and Negative Battery Voltages and Over the Operating Temperature Range. All 
Parameters are Specified at 600W 2-Wire Terminating Impedance, Unless Otherwise Specified (Continued) 


PARAMETER 


Level Linearity 

2-Wire to 4-Wire and 4-Wire to 2-Wire 


Absolute Delay 
2-Wire/4-Wire 


4-Wi re/2-Wire 


4-Wire/4-Wire 


Total Harmonic Distortion 

2-Wire/4-Wire, 4-Wire/2-Wire, 4-Wire/4-Wire 


Idle Channel Noise 
2-Wire and 4-Wire 


Open Loop Voltage (Vjip - Vrinq) 


Power Supply Rejection Ratio 
Vb+ to 2-Wire 


Vb+ to 4-Wire 


Vb’ to 2-Wire 


Vb- to 4-Wire 


Vb+ to 2-Wire 


Vb-h to 4-Wire 


Vb- to 2-Wire 


Vb- to 4-Wire 


Ring Sync Pulse Width 


DC PARAMETERS 


Loop Current Programming 
Limit Range 


Accuracy 


Loop Current During Power Denial 


Fault Currents 
TIP to Ground 


RING to Ground 


TEST CONDITIONS 


Referenced to -lOdBm, (Note 3) 
+3 to -40dBm 


-40 to -SOdBm 


-50 to -55dBm 


(Note 2) 

300Hz to 3400Hz 


300Hz to 3400Hz 


300Hz to 3400Hz 


Reference Level OdBm at 600Q, 
300Hz to 3400Hz (Note 3) 


C-Message, (Note 3) 


Psophometric 


Vb+ = 5V, Vb- = -24V 


30Hz to 200Hz, Rl = 600Q, (Note 3) 


200Hz to 16kHz, Rl = 600Q 
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Electrical Specifications Typical Parameters are at = 25°C, Vb+ = 5V, Vb- = -24V, AG = DG = BG = OV. Min-Max Parameters are 
Over Operating Positive and Negative Battery Voltages and Over the Operating Temperature Range. All 
Parameters are Specified at 600W 2-Wire Terminating Impedance, Unless Otherwise Specified (Continued) 


PARAMETER I 

TEST CONDITIONS 

MIN 

TYP 

MAX 

UNITS 


loL (PR) = 60mA, loL (RD) = 30mA 



Relay Driver Outputs 
On Voltage Vql 


Off Leakage Current 


TTL/CMOS Logic Inputs (FO, F1, RS, TST, PRI) 
Logic ‘0’ V|L 


Logic‘1’V|H 


Input Current (FO, F1, RS, TST, PRI) 


Logic Outputs 
Logic ‘0’ Vql 


Logic‘1’VoH 


Power Dissipation On Hook 


•b+ 


UNCOMMITED OP AMP PARAMETERS 


Input Offset Voltage 


Input Offset Current 


Differential Input Resistance 


Output Voltage Swing 


Small Signal GBW 


NOTE: 

3. These parameters are controlled by design or process parameters and are not directly tested. These parameters are characterized upon 
initial design release, upon design changes which would affect these characteristics, and at intervals to assure product quality and spec¬ 
ification compliance. 


Pin Descriptions 


DIP/ 

SOIC PLCC SYMBOL 


AG Analog Ground - To be connected to zero potential. Serves as a reference for the transmit output and 
(Note 4) receive input terminals. 


Positive Voltage Source - Most Positive Supply. 


Capacitor #Ci - An external capacitor to be connected between this terminal and analog ground. Re¬ 
quired for proper operation of the loop current limiting function. 


Function Address #1 - ATTL and CMOS compatible input used with FO function address line to externally 
select logic functions. The three selectable functions are mutually exclusive. See Truth Table on front 
page. FI should be toggled high after power is applied. 


Function Address #0 - ATTL and CMOS compatible input used with F1 function address line to externally 
select logic functions. The three selectable functions are mutually exclusive. See Truth Table on front 
page. 


(Note 3) 


RL = 10kQ 


(Note 3) 
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HC-S524 


Pin Descriptions (Continued) 



8 

12 

9 

13 

10 

17 

11 

18 

12 

19 

13 

20 

14 

22 

15 

24 

16 

25 

17 

27 

18 

31 

19 

32 

20 

33 

21 

34 

22 

35 

23 

36 







Ring Synchronization Input - A TTL - compatible clock input. The clock is arranged such that a positive 
pulse (50ps - 500ps) occurs on the zero crossing of the ring voltage source, as it appears at the RFS 
terminal. For Tip side injected systems, the RS pulse should occur on the negative going zero crossing 
and for Ring injected systems, on the positive going zero crossing. This ensures that the ring delay acti< 
vates and deactivates when the instantaneous ring voltage is near zero. If synchronization is not re¬ 
quired, the pin should be tied to -i-5V. 


Switch Hook Detection - An active low LS TTL compatible logic output. A line supervisory output. 


Ground Key Detection - An active low LS TTL compatible logic output. A line supervisory output. 


A TTL logic input. A low on this pin will set a latch and keep the SLIC in a power down mode until the 
proper F1, FO state is set and will keep ALM low. See Truth Table on front page. 


A LS TTL compatible active low output which respo nds to the thermal detector circuit when a safe 
opera ting die temperature has been exceeded. Whe n TST is forced low by an exter nal co ntrol signal, 
ALM is latche d low until the proper F1, FO state and TST input is brought high. The ALM can be tied 
directly to the TST pin to power down the part when a thermal fault is detected and then reset with FO, 
F1. See Truth Table on front page. It is po ssible to ign ore tr ansient thermal overload conditions in the 
SLIC by delaying the response to the TST pin from the ALM. Care must be exercised in attempting this 
as continued thermal overstress may reduce component life. 


Loop Current Limit - Voltage on this pin sets the short loop current limiting conditions using a resistive 
voltage divider. 


The analog output of the spare operational amplifier. 


The inverting analog input of the spare operational amplifier. 


An analog input connected to the TIP (more positive) side of the subscriber loop through a feed resistor 
and ring relay contact. Functions with the RING terminal to receive voice signals from the telephone and 
for loop monitoring purposes. 


An analog input connected to the RING (more negative) side of the subscriber loop through a feed resis¬ 
tor. Functions with the TIP terminal to receive voice signals from the telephone and for loop monitoring 
purposes. 


Ring Feed Sense - Senses RING side of the loop for Ground Key Detection. During Ring injected ringing 
the ring signal at this node is isolated from RF via the ring relay. For Tip injected ringing, the RF and RFS 
pins must be shorted. 


Receive Input, 4-Wire Side - A high impedance analog input. AC signals appearing at this input drive the 
Tip Feed and Ring Feed amplifiers differentially. 


Capacitor #2 - An external capacitor to be connected between this terminal and ground. It prevents false 
ring trip detection from occurring when longitudinal currents are induced onto the subscriber loop from 
power lines and other noise sources. This capacitor should be nonpolarized. 


Transmit Output, 4-Wire Side - A low Impedance analog output which represents the differential voltage 
across TIP and RING. Transhybrid balancing must be performed beyond this output to completely imple¬ 
ment two to four wire conversion. This output is referenced to analog ground. Since the DC level of this 
output varies with loop current, capacitive coupling to the next stage is necessary. 


A TTL compatible Input used to control PR. PRI active High = PR active low. 


An active low open collector output. Can be used to drive a Polarity Reversal Relay. 


Digital Ground - To be connected to zero potential. Serves as a reference for all digital inputs and outputs 
on the SLIC. 


Ring Relay Driver - An active low open collector output. Used to drive a relay that switches ringing signals 
onto the 2-Wire line. 
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HC-5524 


Pin Descriptions (Continued) 


DIP/ 

SOiC 

PLCC 

SYMBOL 

DESCRIPTION 

24 

37 

VpB 

(Note 5) 

Feedback input to the tip feed amplifier; may be used in conjunction with transmit output signal and the 
spare op-amp to accommodate 2-Wire line impedance matching. (This is not used in the typical applica¬ 
tions circuit). 

25 

38 

TF2 

Tip Feed - A low impedance analog output connected to the TIP terminal through a feed resistor. Func¬ 
tions with the RF terminal to provide loop current, and to feed voice signals to the telephone set and to 
sink longitudinal currents. Must be tied to TFf. 

NA 

39 

TFi 

Tie directly to TF 2 In the PLCC application. 

26 

41 

RFi 

Ring Feed - A low impedance anaiog output connected to the RING terminal through a feed resistor. 
Functions with the TF terminal to provide loop current, feed voice signals to the telephone set, and to 
sink longitudinal currents. Tie directly to RF2. 

NA 

42 

RF2 

Tie directly to RF^ in the PLCC application. 

27 

43 

IIIQIIfl 

The battery voltage source. The most negative supply. 

28 

44 

BG 

(Note 4) 

Battery Ground - To be connected to zero potential. All loop current and some quiescent current flows 
into this ground terminal. 

1 

1.5, 6, 

7,14, 
15,16, 
21,23, 
26,28, 
29,30, 
40 

NO 

No internal connection. 


NOTES: 

4. All grounds (AG, BG, and DG) must be applied before Vq-i- or Vq*. Failure to do so may result in premature failure of the part. If a user 
wishes to run separate grounds off a line card, the AG must be applied first. 


5. Although not used in the typical applications circuit, VpB may be used in matching complex 2-Wire impedances. 


Pinouts 


HC-5524 (PDiP, SOIC) 
TOP VIEW 


HC-5524 (PLCC) 
TOP VIEW 



TRUTH TABLE 


FI 

FO 

Action 

0 

0 

Normal Loop Feed 

0 

1 

TO Active 

1 

0 

Power Down Latch 
RESET 

1 

0 

Power on RESET 

1 

1 

Loop Power 

Denial Active 
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HC-5524 



Overvoltage Protection and Longitudinal 
Current Protection 

The SLIC device, in conjunction with an external protection 
bridge, will withstand high voltage lightning surges and 
power line crosses. 

High voltage surge conditions are as specified in Table 1. 

The SLIC will withstand longitudinal currents up to a maxi¬ 
mum or 40mAp|y/is, 20mAp|^s per leg, without any perfor¬ 
mance degradation. 


PARAMETER 

TEST 

CONDITION 

PERFORMANCE 

(MAX) 

Longitudinal 

Surge 

lO^is Rise/ 

lOOO^s Fail 

±1000 (Plastic) 

Metallic Surge 

lO^s Rise/ 

±1000 (Plastic) 


lOOOjis Fall 


T/GND 

lO^s Rise/ 

±1000 (Plastic) 

R/GND 

lOOO^s Fall 


50/60HZ Current 

T/GND 

11 Cycles 

700 (Plastic) 

R/GND 

Limited to 
IOArms 
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HC-5S24 


Typical Applications 


SYSTEM CONTROLLER 


Rsi Csi 

ra 

4 

SECONDARY 
PROTECTION 
(NOTE 6) 


PRIMARY 

PROTECTION 


Vrinq Rg- 

150Vpeak(MAX) 





SHD QKD PRI 

RD 

PR 

RS TEST FI 

ALARM FO 

TIP 


luMIT 

TFi (NOTE 7) 
TF2(N0TE7) 

SLIC 

Vrx+ 

Vfb 


HC-5524 

Vtx 

RF2(N0TE7) 

RFi (NOTE 7) 


-INI 

RFS 


OUT1 

IRING 

0 

m 

C 2 DG AG 

Vb+ Cl 1 


/ c« V 
; 

! |K(2o-RFtt)| 


FROM PCM 
FILTER/CODER 


TO HYBRID 

BALANCE 

NETWORK 




FIGURE 1. TYPICAL LINE CIRCUIT APPLICATION WITH THE MONOLITHIC SLIC 


Typical Component Values lyMu = (.6) (Rli + Rl2)/(200 x Rl 2 ), Rli typically 100ki2 

Ci = 0.5^lF, 20V Rp = 2 (Rbi+Rb 2). K = Scaling Factor = 100) 

C 2 = 1 .O^iF ±10%, 20V (for other values of C2, refer to AN9667) ^81 = ^82 = 60n (1 % absolute, matching requirements cov- 

C 3 = 0.01 nF. 50V ±20% ® . 

C 4 = 0.01 HF 50V ±20% - Rs 2 - 1 k£l typically 

C 5 = O.omF 50V ±20% = 0.1HF 200V typically, depending on Vping and 

Cac = 0-5nF 20V 2 ^ - 150V to 200V transient protector. PTC used as ring 

K{Zq - Rf/ 2) = 50kQ, (Zq = OOOfll, K = Scaling Factor = 100) generator ballast. 

Rli, Rl 2 ; Current Limit Setting Resistors 
RL-j+R |_2 > 90ki2 

NOTES: 

8. All grounds (AG, BG, and DG) must be applied before Vb+ or Vb-. Failure to do so may result In premature failure of the part. If a user 
wishes to run separate grounds off a line card, the AG must be applied first 

9. Application shows Ring injected Ringing, Balanced or Tip Injected configuration may be used. 

10. Secondary protection diode bridge recommended is 3A, 200V type. 

11. TFi, TF 2 and RFi, RF 2 are on PLCC only and should bo connected together as shown. 
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SEMICONDUCTOR 


CD22100 


January 1997 


CMOS 4x4 Crosspoint Switch with Controi Memory 

High-Voitage Type (20V Rating) 


Features 

• Low ON Resistance.75^ (Typ) at Vdq a: 12V 

• “Built-In” Control Latches 

• Large Analog Signal Capability. IVqd/2 

• 10MHz Switch Bandwidth 

• Matched Switch Characteristics ARqn > 18Q (Typ) at 
Vdd = 12V 

• High Linearity - 0.5% Distortion (Typ) at f = 1kHz, 

V,N = 5Vp.p, Vdd = 10V, and Rl = Ikn 

• Standard CMOS Noise Immunity 

• 100% Tested for Maximum Quiescent Current at 20V 

Ordering Information 


PART 

NUMBER 


TEMP. RANGE 

(°C) PACKAGE PKG. 

-40 to 85 16LdPDIP E16.3 

-55 to 125 16LdCERDIP F16.3 


Description 

CD22100 combines a 4 x 4 array of crosspoints (transmis¬ 
sion gates) with a 4-iine to 16-iine decoder and 16 iatch 
circuits, Any one of the sixteen transmission gates (cross- 
points) can be seiected by appiying the appropriate four iine 
address. The seiected transmission gate can be turned on or 
off by appiying a iogic one or zero, respectiveiy, to the data 
input and strobing the strobe input to a iogic one. Any 
number of the transmission gates can be ON simuitaneousiy. 
When the required operating power is appiied to the 
CD22100, the states of the 16 switches are indeterminate. 
Therefore, aii switches must be turned off by putting the 
strobe high and data in iow, and then addressing aii switches 
in succession. 


Pinout 


CD22100 
(PDIP, CERDIP) 
TOP VIEW 




CAUTION: These devices are sensitive to eiectrostatic discharge. Users should follow proper 1C Handling Procedures. 
Copyright © Harris Corporation 1997 . ^ . 


File Number 1076.3 



















CD22100 


Absolute Maximum Ratings Thermal Information 

Supply Voltage (Referenced to VSS Terminal).-0.5 to 20V Maximum Junction Temperature.175°C 

Input Voltage (All Inputs).-0.5 to VddO .5V Maximum Junction Temperature (Plastic Package).150°C 

Input Current (Any one input (Note 1)).±10mA Storage Temperature Range.-65°C ^ T/^ ^ 150°C 

Power Dissipation Maximum Lead Temperature (Soldering 10s).300°C 

FoJ S : to 8^? .Operating Conditions 

(Package Type E).Derate Linearly 12mW/®C to 200mW Temperature Range 

For Ta = -55°C to 10O^C (Package Type F). 500mW Package Type F.-55®C ^ Ta ^ 125°C 

For Ta = 100°C to 125°C Package Type E.-40°C ^ Ta ^ 85°C 

(Package Type F).Derate Linearly 12mW/°C to 200mW Supply Voltage Range 

Device Dissipation per Transmission Gate For Ta = Full Package Temperature Range.3V to 18V 

For Ta = Full Package Temperature Range (All Types)__ lOOmW 

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress oniy rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not impiied. 


Electrical Specifications values at -55°C, 25°C, 125°C Apply to F Package 
Values at -40°C, 25°C, 85°C Apply to E Package 


PARAMETER SYMBOL 


STATIC CROSSPOINTS 


Quiescent Device Iqd (Max) 
Current 



On Resistance 

Ron (Max) 

Any Switch 

V|s = 0 to Vq 0 

ARqn Resistance 


Between any 
two switches 

OFF Switch Leakage 
Current 

II (Max) 

Ail switches 
OFF,V,s = 18V 

1 STATIC CONTROLS 

Input Low Voltage 

V,L (Max) 

OFF switch 

II < 0 . 2 nA 

Input High Voltage 

V|H (Min) 

ON switch 
see Rqn 
characteristic 

Input Current 

l,N (Max) 

Any control 

V,N = 0,18V 



11 

±0.1 

±0.1 

±1 

±1 


1 . Maximum current through transmission gates (switches) = 25mA. 

2. Determined by minimum feasible leakage measurement for automatic testing. 
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CD22100 


Electrical Specifications Ta » 25 °c 


PARAMETER 


DYNAMIC CROSSPOINTS 


Propagation Delay Time, 
(Switch ON) Signal input to 
Output 


Frequency Response (Any 
Switch ON) 


Sine Wave Response 
(Distortion) 


Feedthrough (All switches OFF) 


Frequency for Signal Crosstalk 
Attenuation of 40dB 


Attenuation of 110dB 


Capacitance: 

Xn to Ground 


Yn to Ground 


Feedthrough 


DYNAMIC CONTROLS 


Propagation Delay Time: 

Strobe to Output 
(Switch Tum-ON to High 
Level) 


Propagation Delay Time: 

Data-in to Output 
(Tum-ON to High Level) 


Propagation Delay Time: 

Address to Output 
(Turn-ON to High Level) 


Propagation Delay Time: 

Strobe to Output 
(Switch Tum-OFF) 


Propagation Delay Time: 

Data-In to Output 
(Tum-ON to Low Level) 


Propagation Delay Time: 

Address to Output 
(Tum-OFF) 

















































































































































































CD22100 
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CD22100 



Test Circuits and Waveforms 



NOTE; 

MEASURE INPUTS 
SEQUENTIALLY TO 
BOTH Vdd and Vss 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
VddORVss 


FIGURE 1. QUIESCENT CURRENT TEST CIRCUIT 



FIGURE 2. INPUT CURRENT TEST CIRCUIT 
Vdd t ''dd 


FIGURE 3. OFF SWITCH INPUT OR OUTPUT LEAKAGE CURRENT TEST CIRCUIT 
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CD22100 


Test Circuits and Waveforms (Continued) 

A^DD 


1 

tt, 




iiii^ieiii 


miTM 




NOTE: 

CLOSE SWITCH S AFTER APPLYING Vqd 


Ti^MrAumm 


10 ® 10 * 10 * 10 * 
SWITCHING FREQUENCY (Hz) 


FIGURE 4. DYNAMIC POWER DISSIPATION TEST CIRCUIT AND TYPICAL DYNAMIC POWER 
DISSIPATION AS A FUNCTION OF SWITCHING FREQUENCY 


SW s ANY CROSSPOINT 
STROBE B DATA • IN b Vdd 



FIGURE 5. PROPAGATION DELAY TIME TEST CIRCUIT AND 

WAVEFORMS (SIGNAL INPUT TO SIGNAL OUTPUT, 
SWITCH ON) 


SW B ANY CROSSPOINT 
Vdd — t .■ ■— 


FIGURE 6. TEST CIRCUIT AND WAVEFORMS FOR 

CROSSTALK (CONTROL INPUT TO SIGNAL 
OUTPUT) 


Tab25®C 
.20 Vdd-10V 

V|s-10Vp.p SINE WAVE 
C|.B50pF 
•AO Rl-IIcO 



INPUT SIGNAL FREQUENCY (Hz) 

FIGURE 7. TEST CIRCUIT AND TYPICAL CROSSTALK BETWEEN SWITCH CIRCUITS IN 
THE SAME PACKAGE AS A FUNCTON OF SIGNAL FREQUENCY 
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CD22100 


Test Circuits and Waveforms (continued) 





FIGURE 8. PROPAGATION DELAY TIME TEST CIRCUIT AND WAVEFORMS 
(STROBE TO SIGNAL OUTPUT, SWITCH TURN-ON OR TURN-OFF) 



STROBE B Vdd 


Vdd 

DATA-IN 



FIGURE 9. PROPAGATION DELAY TIME TEST CIRCUIT AND WAVEFORMS 
(DATA-IN TO SIGNAL OUTPUT, SWITCH TURN-ON TO HIGH OR LOW LEVEL) 


ADDRESS > 0 


ADDRESS B1 




ADDRESS 50%-:L 

0 — mmmJ 

tH - 

Vdd -r--\ 

DATA-IN ^ I 


STROBES Vdd 


FIGURE 10. PROPAGATION DELAY TIME TEST CIRCUIT AND WAVEFORMS 
(ADDRESS TO SIGNAL OUTPUT, SWITCH TURN-ON OR TURN-OFF) 
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CD22100 


Typical Performance Curves 

. I . I . I ■ —I— ’ " ' T . 

Vqd = 2.5V, Vss = -2.5V 


Vdd = 5V, Vss = -SV 


Ta = 125°C 

—M- 

25®C 


HMHHHnHBHnniiHHl 


-4 -3 -2 -1 0 1 2 3 4 

INPUT SIGNAL (V) 

FIGURE 11. TYPICAL ON RESISTANCE AS A FUNCTION OF 
INPUT SIGNAL VOLTAGE AT Vqd = -Vss = 2.5V 


a 

150 

UJ 

o 

z 

125 

i 

(0 

100 

UJ 

oc 

z 

75 

o 

3 

z 

o 

50 

fc 

(0 

25 


-10 -7.5 -5 -2.5 0 2.5 5 7.5 10 

INPUT SIGNAL (V) 

FIGURE 13. TYPICAL ON RESISTANCE AS A FUNCTION OF 
INPUT SIGNAL VOLTAGE AT Vqd = -Vss = 7.5V 


-10 -7.5 -5 -2.5 0 2.5 5 7.5 10 

INPUT SIGNAL (V) 

FIGURE 12. TYPICAL ON RESISTANCE AS A FUNCTION OF 
INPUT SIGNAL VOLTAGE AT Vdd = ’Vss = 5V 



T*=25®C 















, VoD = 2.5V, Vss = ■2.5V 


-10 -7.5 -5 -2.5 0 2.5 5 7.5 10 

INPUT SIGNAL (V) 

: 14. TYPICAL ON RESISTANCE AS A FUNCTION OF 
INPUT SIGNAL VOLTAGE AT T^ = 25®C 


■ Vdd = 10V 
Ta = 250C 


Rl. B IMG, lOOkO, lOkQ 

-I-1- 1kO-=t 


STROBE s Vdd 


Ta=:25‘»C,Vdd*5V,Vss = -5V 

V,s « 5Vp.p s SINE WAVE 1.77Vrms | | | 

C,os = 0.4pF 

Vdata.IN*5V ^ 


r Vis I p " I Vos (RMS 



INPUT VOLTAGE (V) 

FIGURE 15. TYPICAL SWITCH ON TRANSFER 

CHARACTERISTICS (1 OF 16 SWITCHES) 


10® 10® 10^ 10® 

INPUT SIGNAL FREQUENCY (Hz) 

FIGURE 16. TYPICAL SWITCH ON FREQUENCY RESPONSE 
CHARACTERISTICS 
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Features 

• Low ON Resistance.750 (Typ) at Vqq = 12V 

• “Built - In” Latched Inputs 

• Large Analog Signal Capability.±Vo[y2 

• Switch Bandwidth.10MHz 

• Matched Switch Characteristics 
ARqn = (TVp) VpQ = 12V 

• High Linearity - 0.25% Distortion (Typ) at f = 1kHz, 
V,N = 5Vp.p, VpD ■ Vss = 10V, and Rl = IkO 

• Standard CMOS Noise Immunity 

Applications 

• Telephone Systems 

• PBX 

• Studio Audio Switching 

• Multisystem Bus Interconnect 

Ordering Information 

PART TEMP. 

NUMBER RANGE (^C) PACKAGE PKG. NO. 

CD22101E -40 to 85 24 Ld PDIP E24.6 

CD22101F -55 to 125 24LdCERDIP F24.6 

CD22102E -40 to 85 24 Ld PDIP E24.6 


Description 

CD22101 and CD22102 crosspoint switches consist of 
4x4x2 arrays of crosspoints (transmission gates) with a 
4-line to 16-line decoder and 16 latch circuits. Any one of 
the sixteen crosspoint pairs can be selected by applying 
the appropriate four-line address, corresponding 
crosspoints in each array are turned on and off 
simultaneously. Any number of crosspoints can be turned 
on simultaneously. 

In the CD22101, the selected crosspoint pair can be 
turned on or off by applying a logic ONE or ZERO, 
respectively, to the data input, and applying a ONE to the 
strobe input. When the device is “powered up”, the states 
of the 16 switches are indeterminate. Therefore, all 
switches must be turned off by putting the strobe high, 
data-in low, and then addressing ail switches in 
succession. 

The selected pair of crosspoints in the CD22102 is turned 
on by applying a logic ONE to the (set) input while a 
logic ZERO is on the Kb input, and turned off by applying 
a logic ONE to the Kb (reset) input while a logic ZERO is 
on the K;^ input. In this respect, the control latches of the 
CD22102 are similar to SET/RESET flip-flops. They differ, 
however, in that the simultaneous application of ONEs to 
the Kfi, and Kb inputs turns off (resets) all crosspoints. All 
crosspoints in both devices must be turned off as Vqq is 
applied. 


Pinouts 


CD22101 
(PDIP, SBDIP) 
TOP VIEW 


gvoD 

^X2 
23 Y1 

gY2 

!^X4 

i8|X3 

TgY4 

gjYa 

j5|X1 
gOATA 
HI STROBE 


CD22102 
(PDIP) 
TOP VIEW 



Functional Diagram 

CONTROL 



CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1C Handling Procedures. 
Copyright © Harris Corporation 1997 >1 i oo 
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CD22101, CD22102 


Absolute Maximum Ratings Thermal Information 

Supply Voltage (Vqd) (Referenced to Vss Terminal)_-0.6 to 20V Maximum Junction Temperature.175°C 

Input Voltage (All Inputs).-0.6 to Vqq +0.6V Maximum Junction Temperature (Plastic Package).160®C 

Supply Voltage Range Maximum Storage Temperature Range.-65®C ^ T^ ^ 160°C 

For Ta=F ull Package Temperature Range.3V to 18V Maximum Lead Temperature (Soldering 10s).300°C 

Input Current (Any One Input) (Note 1).±10mA 

Power Dissipa^ Operating Condttions 

For Ta = -40°C to 60°C (Package Type E). 600mW ^ 

For Ta * 60®C to 86°C Temperature Range 

Package Type E).Derate Linearly 12mW/°C to 200mW Package Type D, F.-65°C ^ Ta ^ 126°C 

For Ta = -66®C to 100®C (Package Type D, F). 600mW Package Type E.-40°C ^ Ta ^ 86°C 

ForTA*100®Cto12S°C 

(Package Type D, F).Derate Linearly 12mW/°C to 200mW 

Device Dissipation per Output Transistor 
For Ta = Full Package Temperature Range (All Types).lOOmW 

CAUTION: Stresses above those listed In “Absolute Maximum Ratings” may cause permanent damage to the device. This Is a stress only rating and operation 
of the de\dce at these or any other conditions above those Indicated in the operational sections of this specification is not implied. 


Electrical Specifications Values at -66°C, 26^C, 126°C Apply to D, F. H Packages 
Values at -40®C, 25°C, 85°C Apply to E Package 


TEST CONDmONS I -55°C 


PARAMETER 


STATIC CROSSPOINTS 


liMilinEHaEQl 


85®C 

125®C 

MAX 

MAX 


Quiescent Device 
Current 

IpD (M€0() 

On Resistance 

Ron (Max) 

Aon Resistance 


OFF Leakage Current 

II (Max) 



300 

300 

600 

600 

3000 

3000 

726 

800 

206 

230 

166 

176 

110 

126 


OFF,V,s = 18V 


STATIC CONTROLS 


Input Low Voltage 

V,L(Max) 

OFF Switch II 

<0.2pA 

Input High Voltage 

V,H (Min) 

ON Switch See Ron 



Characteristic 


Input Current 

l,N(Max) 

Any Control 
V|N = 0,18V 

2 



11 

±0.1 1 

±0.1 

±1 

±1 



1. Maximum current through transmission gates (switches) * 26mA. 

2. Determined by minimum feasible leakage measurement for automatic testing. 
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CD22101, CD22102 



Electrical Specifications Ta == 25 °c 


PARAMETER 


DYNAMIC CROSSPOINTS 


Propagation Delay Time, tpHL. tpLH 

(Switch ON) Signal Input to Output 


Frequency Response (Any Switch f 3 dB 
ON) 


Sine Wave Response (Distortion) I THD 


Feedthrough (All Switches OFF) 


Frequency for Signal Crosstalk Fqj 

Attenuation of 40dB 

Attenuation of 95dB 


Capacitance: 

Xn to Ground 


Y|sj to Ground 


Feedthrough 


DYNAMIC CONTROLS 


Propagation Delay Time: High tp 2 H. tpzt 

Impedance to High Level or Low 

Level 


























































































































































CD22101, CD22102 


Electrical Specifications Ta » 25°c (Continued) 


PARAMETER 

SYMBOL 

TEST CONDITIONS | 

MIN 

TYP 

MAX 

UNITS 

FIGURE 

^IS 

(kHz) 


V,s(V) 
(Note 3) 

Vdd 

(V) 

Propagation Delay Time: High Level 
or Low Level to High impedance 

Strobe to Output, CD22101 

tpHZ, VlZ 

6 

Ri.= 1kO, Cl = 50pF, 
tp, tp = 20ns 

5 

- 

450 

900 

ns 

10 

- 

200 

400 

ns 

15 

- 

135 

270 

ns 

Kb to Output, CD22102 

tpHZ, tpLZ 


Rt^lkO, Cl*50pF, 
tp, tp = 20ns 

5 

- 

450 

900 

ns 

10 

- 

200 

400 

ns 

15 

- 

130 

260 

ns 

Data-In to Output, CD22101 

Vhz, Vlz 

■ 

RL = 1kQ, Cl = 50pF, 
tp, tp = 20ns 

5 

- 

450 

900 

ns 

10 

- 

165 

330 

ns 

15 

- 

110 

220 

ns 

Ka • Kb to Output, CD22102 

tpHZ, 'PLZ 

■ 

RL=1kQ, Cl = 50pF, 
tp, tp = 20ns 

5 

- 

280 

560 

ns 

10 

- 

130 

260 

ns 

15 

- 

90 

180 

ns 

Address to Output 
CD22101,CD22102 

tpHZ, ^PLZ 

8 

Rl= IkO, Cl = 50pF, 
tp, tp s= 20ns 

5 

- 

425 

850 

ns 

10 

- 

190 

380 

ns 

15 

- 

130 

260 

ns 

Minimum Strobe Pulse Width, 
CD22101 

tw 

6 

RL=1kO, Cl = 50pF, 
tp, tp = 20ns 

5 

- 

260 

500 

ns 

10 

- 

120 

240 

ns 

15 


80 

160 

ns 

Address to Strobe Setup or Hold 
Times, CD22101 


9 

Rl = IkQ, Cl = 50pF, 
tp, tp s 20ns 

5 

- 

-160 

0 

ns 

10 

- 

-70 

0 

ns 

15 


-50 

0 

ns 

Strobe to Data-In Hold Time, 
CD22101 

^HHL. 

10 

RL=1kQ, Cl = 50pF, 
tp, tp = 20ns 

5 

- 

200 

400 

ns 

10 

- 

80 

160 

ns 

15 

- 

60 

120 

ns 

Address to Ka and Kb Setup or Hold 
Times, CD22102 

tsu.^ 


RL=1kQ, Cl = 50pF, 
tp, tp = 20ns 

5 

- 

-160 

0 

ns 

10 

- 

-70 

0 

ns 

15 

- 

-50 

0 

ns 

Minimum Ka • Kb Pulse Width, 
CD22102 

tw 


Rl = IkQ, Cl * 50pF, 
tp, tp = 20ns 

5 

- 

375 

750 

ns 

10 

- 

160 

320 

ns 

15 

- 

110 

220 

ns 

Minimum Ka Pulse Width, CD22102 

tw 

■ 

RL=1kQ,CL = 50pF, 
tp, tp = 20ns 

5 

- 

425 

850 

ns 

10 

- 

175 

350 

ns 

15 

- 

120 

240 

ns 























































































































































































CD22101, CD22102 
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CD22101, CD22102 



TO 15 OTHER 
LATCHES 


(i^) (A) (xV) (xV) 


DETAIL OF TRANSMISSION GATES 


NOTE: INPUTS PROTECTED 
BY COS/MOS 
PROTECTION o- 
NETWORK J 


DETAIL OF LATCHES 
0 




DECODER TRUTH TABLE 


B 

c 

0 

0 

0 

0 




SELECT 


XIY1 andXVYV 


X2Y1 andX2’Y1’ 


X3Y1 and X3’Y1’ 


X4Y1 andXA’YV 


XIY2 and XI’Y2’ 


X2Y2and X2’Y2’ 


X3Y2 and X3’Y2’ 


X4Y2 and X4'Y2’ 


ADDRESS 





SELECT 


XI Y3 and XrY3’ 


X2Y3 and X2’Y3’ 


X3Y3and X3’Y3’ 


X4Y3 and X4’Y3’ 


X1Y4andX1'Y4' 


X2Y4 and X2’Y4’ 


X3Y4 and X3’Y4’ 


X4Y4andX4’Y4’ 

































































CD22101, CD22102 



FUNCTION 


Switch ON 


Switch OFF 


No Change 


1 = High Level 


CONTROL TRUTH TABLE FOR CD22101 


ADDRESS 

C I D STROBE DATA 


SELECT 


15 (X4Y4) and 15’ (X4’Y4’) 


15 (X4Y4) and 15’ (X4’Y4’) 


X 



0 = Low Level 


X = Don’t Care 



CONTROL TRUTH TABLE FOR CD22102 


ADDRESS 


SELECT 


15 (X4Y4) and 15’ (X4’Y4’) 


15 (X4Y4) and 15’ (X4’Y4’) 


All 


FUNCTION 


Switch ON 


Switch OFF 


Ail Switches 
OFF (Note 5) 


No Change 


1 =s High Level 0 = Low Level X = Don’t Care 

NOTE: 

5. in the event that and K 5 are changed from levels 1,1 to 0, 0 Kb should not be allowed to go to 0 before K^, 
otherwise a switch which was off will Inadvertently be turned on. 



X = Don’t Care 



4-199 


WIRED 

COMMUNICATIONS 





















































































CD22101, CD22102 


Test Circuits and Waveforms (continued) 



ON 

''is O—ISW 


w | - e o Vos 
lOkO S 


SW = ANY CROSSPOiNT 
STROBE s DATA - IN s Vdd 


FIGURE 4. OFF SV\riTCH INPUT OR OUTPUT LEAKAGE 

CURRENT TEST CIRCUIT (16 OF 32 SWITCHES) 


DATA-IN 
STROBE ? 


Vdd — 
Vos 50% 


FIGURE 5. PROPAGATION DELAY TIME TEST CIRCUIT AND 
WAVEFORMS (SIGNAL INPUT TO SIGNAL 
OUTPUT, SWITCH ON) 


tw 1^ 

1 . 

tw 

50%^r 

f 50%\ 

/50% 


SW s ANY CROSSPOINT 




FIGURE 6. PROPAGATION DELAY TIME TEST CIRCUIT AND WAVEFORMS 
(STROBE TO SIGNAL OUTPUT, SWITCH TURN-ON OR TURN-OFF) 



Vdd 

DATA-IN 


SOpF Vos 


I. — 


STROBE* Vdd 


FIGURE 7. PROPAGATION DELAY TIME TEST CIRCUIT AND WAVEFORMS 
(DATA-IN TO SIGNAL OUTPUT, SWITCH TURN-ON TO HIGH OR LOW LEVEL) 
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CD22101, CD22102 


Test Circuits and Waveforms (continued) 



FIGURE 8. PROPAGATION DELAY TIME TEST CIRCUIT AND WAVEFORMS 
(ADDRESS TO SIGNAL OUTPUT, SWITCH TURN-ON OR TURN-OFF) 



IF SETUP AND HOLD TIMES PROVIDED ARE TOO SHORT, SET ALL SWITCHES TO OFF INITIALLY APPLY VDD 

AN UNADDRESSED SWITCH MAY BE TURNED ON OR OFF TO ALL X INPUTS AND RETURN ALL Y OUTPUTS TO 

SIMULTANEOUSLY WITH THE ADDRESSED SWITCH VSS THROUGH Ika ADDRESS X1Y2 (ABCD) WITH f,H s 10kHz 


FIGURE 9. ADDRESS TO STROBE SETUP AND HOLD TIMES FIGURE 10. STROBE TO DATA-IN HOLD TIME Ih, FOR CD22101 



SW B ANY CROSSPOINT 


FIGURE 11. TEST CIRCUIT AND WAVEFORMS FOR CROSSTALK (CONTROL INPUT TO SIGNAL OUTPUT) 
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CD22101, CD22102 


Test Circuits and Waveforms (continued) 



10 * 10 * 10 ^ 10 ® 10 ® 10 ^ 
INPUT SIGNAL FREQUENCY (Hz) 


FIGURE 12. TEST CIRCUIT AND TYPICAL CROSSTALK AS A FUNCTION OF FREQUENCY BETWEEN SWITCH CIRCUITS IN THE 
SAME PACKAGE 



INPUT SIGNAL FREQUENCY (Hz) 

FIGURE 13. TEST CIRCUIT AND TYPICAL FEEDTHROUGH AS A FUNCTION OF FREQUENCY (ANY OFF SWITCH) 


4-203 


WIRED 

COMMUNICATIONS 








CD22101, CD22102 


Typical Performance Curves 



- 2-10 12 


INPUT SIGNAL (V) 

FIGURE 14. TYPICAL ON RESISTANCE AS A FUNCTION OF 
INPUT SIGNAL VOLTAGE AT Vdd = -Vss == 2.5V 



-10 -8 -6 -4 -2 0 2 4 6 8 10 


INPUT SIGNAL (V) 

FIGURE 16. TYPICAL ON RESISTANCE AS A FUNCTION OF 
INPUT SIGNAL VOLTAGE AT Vqd s -Vqs * 7.5V 



INPUT SIGNAL (V) 

FIGURE 15. TYPICAL ON RESISTANCE AS A FUNCTION OF 
INPUT SIGNAL VOLTAGE AT Vqd - -Vss = SV 



INPUT SIGNAL (V) 

FIGURE 17. TYPICAL ON RESISTANCE AS A FUNCTION OF 
INPUT SIGNAL VOLTAGE AT Ta = 25®C 



INPUT VOLTAGE (V) INPUT SIGNAL FREQUENCY (Hz) 

FIGURE 18. TYPICAL SWITCH ON TRANSFER FIGURE 19. TYPICAL SWITCH ON FREQUENCY RESPONSE 

CHARACTERISTICS (1 OF 16 SWITCHES) CHARACTERISTICS 
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SEMICONDUCTOR 


eD22M3493 


January 1997 


12x8x1 BiMOS-E 
Crosspoint Switch 


Features 

• 96 Analog Switches 

• Low Ron 

• Guaranteed Rqn Matching 

• Analog Signal Input VbHage Equal to the Supply VbKage 

• Wide Operating Voitage.4V to 16V 

• Paraiiei input Addressing 

• High Latch Up Current...50mA (Min) 

• Very Low Crosstaik 

• Pin and Functionaiiy Compatibie with the Foiiowing 
Types: SGS M3493, SGS M093, SSI 78A093A, and 
Mitel MT8812 


Applications 

• PBX Systems 

• Instrumentation 

• Anaiog and Digital Multiplexers 

• Video Switching Networks 


Description 

The Harris CD22M3493 is an array of 96 analog switches 
capable of handling signals from DC to video. Because of 
the switch structure, input signals may swing through the 
total supply voltage range, Vqd to Vss- Each of the 96 
switches may be addressed via the ADDRESS input to the 
7 to 96 line decoder. The state of the addressed switch is 
established by the signal to the DATA input. A low or logic 
zero input will open the switch, while a high logic level or a 
one will result in closure of the addressed switch when the 
STROBE input goes high from its normally low state. Any 
number or combination of connections may be active at 
one time. Each connection, however, must be made or 
broken individually in the manner previously described. All 
switches may be reset by taking the RESET input from a 
zero state to a one state and then returning it to its normal 
low state. 

Ordering Information 

TEMP. 

PART NUMBER RANGE (^’C) PACKAGE PKG. NO. 


CD22M3493E 


-40 to 85 UOLdPDIP E40.6 


CD22M3493Q -40 to 85 44 Ld PLCC N44.65 



CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1C Handling Procedures. 
Copyright ©HarrisCorporation 1997 a one 
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CD22M3493 


Thermal Information 

Thermal Resistance (Typical, Note 1) ejA(°C/W) 

Plastic DIP Package. 55 

PLCC Package. 43 

Maximum Junction Temperature Plastic.150°C 

Maximum Storage Temperature Range (Tstg) .-65°C to 150°C 

Maximum Lead Temperature (Soldering 10s).300°C 

(PLCC - Lead Tips Only) 

Operating Conditions 

Temperature Range (T^) 

Package Type E and Q.-40°C to 85°C 

DC Input or Output Voltage.Min = Vss . Max = Vdd 

Digital Input Voltage..Min = Vss « Max = Vqq 

CAUTION: Stresses above those listed in "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those Indicated In the operational sections of this specification is not implied. 

NOTE; 

1. 0JA is measured with the component mounted on an evaluation PC board In free air. 


Electrical Specifications Ta = -40OC to 85°C, Vss = ov, Vqd = 14V, unless otherwise Specified 


PARAMETER 

SYMBOL 

TEST CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Supply Current 

I DO 

Vqd =* 5V, Logic Inputs = Vqd 

- 

- 

2 

mA 

Vdd = 16V, Logic Inputs - Vqd 

- 

- 

5 

mA 

High-Level Input Voltage 

V,H 


SI 

- 

• 

V 

Low-Level Input Voltage 

V,L 


mm 

- 

0.8 

V 

Input Leakage Current, Digital 

•in 

Reset = Low (Note 2) 

- 

■ 

±10 

(Note 3) 

pA 

Electrical Specifications Ta »-40°C to 85^C, Vss = ov. Vqd = 14V, unless otherwise specified 

PARAMETER | SYMBOL | TEST CONDITIONS | MIN | TYP | MAX | UNITS 

STATIC CROSSPOINTS 

ON Resistance 

Ron 

Ta = 25°C, Vdd = 5V 

- 

40 

70 

Q 

V|N = Vdd/ 2 Vnn~14V 

VX-VY = 0.25V vdd-i^v 

* 

22 

45 

0 

ON Resistance 

Ron 

Ta = -40°C to 850C Vqd = 5V 

- 

- 

80 

a 

V|n=Vdd/2 ^ 

VX-VY = 0.25V Vdd-14V 

- 

- 

55 

a 

Difference in ON Resistance 
Between Any Two Switches 

^Ron 

Ta = 25<’C,V,n = Vdd/2 

VX - VY = 0.25V, VoD = 14V 

- 

■ 

10 

Q 

Difference in ON Resistance 
Between Any Two Switches 

ARon 

Ta = -40°C to 85 OC, V,N = Vdd/2 

VX - VY = 0.25V, Vdd = 14V 

■ 

* 

10 

0 

OFF-State Leakage Current 

II 

IVX - VYI 14V 

■ 

- 

±10 

(Note 3) 



Absolute Maximum Ratings 


DC Supply Voltage (Vqq) (Referenced to VSS.-0.5V to 17V 

Supply Voltage Range 
For Ta = Full Package Temperature Range 

Vss = 0V, VDD4Vto16V 
DC Input Diode Current, l||g 

For V| < Vss -0-5V or V, > Vqd +0.5V. ±20mA 

DC Output Diode Current, Iqk 

ForVo <Vss-0.5VorVo>VDD+0.5V. ±20mA 

DC Transmission Gate Current. ±25mA 

Power Dissipation Per Package (Po) 

For Ta = -40®C to BS^C (PDIP). 500mW 

For Ta = -40°C to 85®C (PLCC). 600mW 


Electrical Specifications Ta = 25°C, Vss = ov, Vqd 14V, C,. = 50pF, Unless otherwise Specified 


PARAMETER 

TEST CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

DYNAMIC CROSSPOINTS 

Switch I/O Capacitance 

V|N = 7V,f^1MHz 

- 

20 

- 

pF 


Switch Feedthrough Capacitance V|n = 7V, f=1MHz - 0.2 - pF 

Propagation Delay Time (Switch ON) - 30 100 ns 

Signal input to Output, tpHi or tpi_H 









































































































CD22M3493 


Electrical Specifications Ta = 250 c, Vgs = ov, Vqd = 14V, Cl = 50pF, unless otherwise Specified (Continued) 


PARAMETER 


Frequency Response Channel ON 
f = 20log (VXA/Y) = -3dB 


Total Harmonic, THD 


Feedthrough Channel OFF 
Feedthrough = 20log (VXAA') = Fqt 


Frequency for Signal Crosstalk, fcj 
Attenuation of: 


Control Crosstalk DATA-Input, ADDRESS, 
or STROBE to Output 


TEST CONDITIONS 


Cl = 3pF, Rl = 750, V|N = 2Vp.p 


V,N = 2Vp.p.f=1kHz 


V,N = 2Vp.p.f=1kHz 


V,N=:2Vp.p, Rl = 75Q 


V,N = 2Vp.p,RL=1kO II 10pF 


Control Input = 3Vp.p 
Square Wave, tp * tp = 10ns 
R,n = 1K, RouT=10kO II lOpF 



Electrical Specifications Ta = 25°C, Vss - ov, Vqd = 14V, Rl = IkO ll SOpF, Unless otherwise Specified 


PARAMETER 


DYNAMIC CONTROLS 


Digital Input Capacitance 


Propagation Delay Time 
STROBE to Output 
Switch Tum-ON 


Switch Tum-OFF 


DATA-IN to Output 
Tum-ON to High Level 


Tum-ON to Low Level 


ADDRESS to Output 
Turn-ON to High Level 


Tum-OFF to Low Level 


Setup Time 

DATA-IN to STROBE 


ADDRESS to STROBE 


STROBE to DATA-IN 


STROBE to ADDRESS 



RESET Tum-OFF to Output Delay 



2. Reset i|H < 2mA, Reset = Vqo * 16V. 

3. At25OCLImitls±100nA. 
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TRUTH TABLE X AXIS 


TRUTH TABLE Y AXIS 



NOTE: 4. When X switch addresses are In these states, no change in 
status will occur in switches between any X and Y points. 


To make a connection (close switch) between any two points, specify an “X” address, a “Y” address, set “DATA” high, and 
switch “Strobe” from low to high. To break a connection, follow this same procedure with “DATA” low.: 


Example: 


To connect switch X3 to switch Y4; 
To connect switch X6 to switch Y7: 
To break connection from X3 to Y4: 


X ADDRESS 


YADDRESS 


DATA I AX3 AX2 AX1 AXO I AY2 AY1 AYO 












































































CD22M3493 


Pin Descriptions 


40 LEAD PDIP 44 LEAD PLCC 
SYMBOL PIN NO. PIN NO. 


POWER SUPPLIES 


DESCRIPTION 


Vss 


ADDRESS 


AXO - AX3 5, 2?, 23 and 4 5. 24,25 and 4 


AYO - AY2 24, 25 and 2 26, 27 and 2 


CONTROL 


DATA 



RESET 


INPUTS/OUTPUTS 


X0-X5 33-288-13 37-329-14 

I/O 

X6-X11 


YO - Y7 35,37,39,1,21, 40,41,43,1,23, 
I/O 19,17 and 15 21,19 and 18 


Positive Supply 


Negative Supply 


X Address Lines. These pins select one of the 12 rows of switches. See the Truth Table 
for the valid addresses. 


Y Address Lines. These pins select one of the 8 columns of switches. See the Truth 
Table for the valid addresses. 


DATA input determines the state of the addressed switch. A high or one will close the 
switch. A low or zero will open the switch. 


STROBE Input enables the action defined by the DATA and ADDRESS inputs. A low 
or zero results in no action. The ADDRESS Input must be stable before the STROBE 
Input goes to the active high level. The DATA Input must be stable on the failing edge 
of the STROBE. 


MASTER RESET. A high or one on this line opens all switches. 


Analog or Digital Inputs/Outputs. These pins are the rows XO - X11. 


Analog or Digital inputs/Outputs. These pins are the columns YO - Y7. 


Pinouts 


CD22M3493 (PDIP) 
TOP VIEW 


Y3LL 

AY2 [T 
RESET [T 
AX3^ 

Axo[r 

NC [T 
NC |T 
X6[7 
X7|T 
X8[^ 

X9[i7 

X10 Qa 
XII [iJ 
NC |24 
Y7|25 
NC 

Y6^ 
STROBE Ffs 


Y5 

SS 



40JVod 

3^Y2 

is] DATA 

^Y1 

^NC 

^YO 

i^NC 

^XO 

^X1 

^X2 

^X3 

29 ] X4 

isjxs 

^NC 
2^NC 
^AYI 
^AYO 
23|aX2 
AX1 
Y4 


CD22M3493 (PLCC) 
TOP VIEW 


o m (0 M o H 





SCO 

^ ^ z 


I 
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SEMICONDUCTOR 


CD22M3494 


January 1997 


16 x 8 x 1 BiMOS-E 
Crosspoint Switch 


Features 

• 128 Analog Switches 

• Low Ron 

• Guaranteed Rqn Matching 

• Analog Signal Input Voltage Equal to the Supply Voltage 


• Wide Operating Voltage. 4Vto15V 

• Paraiiei input Addressing 

• High Latch Up Current.50mA (Min) 

• Very Low Crosstaik 


• Pin and Functionaiiy Compatibie with the Foiiowing 
Types: SGS M3494 and Mitei MT8816 

Applications 

• PBXSystenis 

• instrumentation 

• Anaiog and Digitai Muitipiexers 

• Video Switching Networks 


Description 

The Harris CD22M3494 is an array of 128 anaiog switches 
capable of handling signals from DC to video. Because of 
the switch structure, input signals may swing through the 
total supply voltage range, Vqq to V^^. Each of the 128 
switches may be addressed via the ADDRESS input to the 
7 to 128 line decoder. The state of the addressed switch is 
established by the signal to the DATA input. A low or zero 
input will open the switch, while a high logic level or a one 
will result in closure of the addressed switch when the 
STROBE input goes high from its normally low state. Any 
number or combination of connections may be active at 
one time. Each connection, however, must be made or 
broken individually in the manner previously described. Ail 
switches may be reset by taking the RESET input from a 
zero state to a one state and then returning it to its normal 
low state. 

CS allows crosspoint array to be cascaded for matrix expansion. 


Ordering Information 


PART 

NUMBER 

TEMP. 
RANGE (®C) 

PACKAGE 

PKG. 

NO. 

CD22M3494E 

-40 to 85 

40 Ld PDIP 

E40.6 

CD22M3494MQ 

-40 to 85 

44 Ld PLCC 
(Mitel Ld Compatible) 

N44.65 

CD22I^3494SQ 

-40 to 85 

44 Ld PLCC 
(SGS Ld Compatibie) 

N44.65 


Block Diagram 


CS STROBE DATA RESET 



? .1 


? . T 




Vdd 

innn 

1 1 1 

1 , 


1 

T 

1 1 

_L!_1 

7 TO 128 
DECODER 

128 

LATCHES 

128 

LEVEL 

SHIFTERS 

128 

16X8 

SWITCH 

ARRAY 


1_ 




□ — d 




Vss * Vee I Y0-Y7 T 


CAUTION: These devices are sensitive to eiectrostatic discharge. Users should follow proper 1C Handling Procedures. pjj0 (slumber 2793.5 

Copyright © Harris Corporation 1997 
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CD22M3494 


Absolute Maximum Ratings Thermal Information 

DC Supply Voltage (Vdd) Thermal Resistance (Typical, Note 1) 0 ja (°C/W) 

Voltages Referenced to V^g.-0.5 to 16V pQip Package. 55 

DC Supply Voltage (Vdd) PLCC Package’43 

Voltages Referenced to Vss.-0.5,16V Maximum Junction Temperature Plastic Package.150°C 

DC Input Diode Current, I|n Maximum Storage Temperature Range (Tstg) .-65°C to 150°C 

For V|, Digital < Vss "O-SV or V|, Maximum Lead Temperature (Soldering 10s).300°C 

Analog < Vgg -0.5V or Vj > Vqd 0.5V.±20mA (PLCC - Lead Tips Only) 

DC Output Diode Current, Iqk ^ ^ . 

For Vo. Digital < Vss -O-SV or Vq, Operating Conditions 

Analog < Vgg -0.5V or Vq > Vqd 0.5V.db20mA Operating Temperature Range (T^) 

DC Transmission Gate Current.±25mA Package Type E and Q.-40°C to 85°C 

Power Dissipation Per Package (Po) Supply Voltage Range 

For Ta = -40°C to 85°C (PDIP). 500mW For T^ = Full Package Temperature Range 

For Ta = 60°C to 85°C Derate Linearly.12mW/°C to 200mW Vss = OV, Vgg = OV, Vqd .4V to 15V 

For Ta = -40°C to 85°C (PLCC). 600mW DC Input or Output Voltage V| or Vq .Vgg to Vqd 

Digital Input Voltage. Vss ^ Vqd 

CAUTION: Stresses above those listed in “Absoiute Maximum Ratings" may cause permanent damage to the device. This is a stress oniy rating and operation of 
the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 

NOTE: 

1. 0JA is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications Ta = -40°c to 85®C, Vqd = 5V, Vss = OV, Vee = OV, Unless otherwise Specified 


PARAMETER 


STATIC CONTROLS 


Supply Current 


High-Level Input Voltage 


Low-Level Input Voltage 


Input Leakage Current, Digital 


TEST CONDITIONS 


MIN TYP MAX UNITS 



±10 pA 

(Note 4) 


Electrical Specifications Ta = -40°C to 85°C, Vqd = 1 2V, Vss == OV, Vee ^ OV, unless otherwise Specified 


PARAMETER 


STATIC CROSSPOINTS 


ON Resistance 


ON Resistance 


Difference in ON Resistance 
Between Any Two Switches 


TEST CONDITIONS 


Ron Vss = Vee = 0V, Vdd-10V 

Ta - 250c, V,N = Vdd/2, - 

VX-VY=:0.2V Vdd-12V 


Ta = -40°C to 85®C, Vdd = 10V 

V|N = Vdd/2, VX -VY = 0.2V,-- 

Vss-V ee-OV Vdd-12V 


ARon Ta = 25°C, V,n = Vdd/2, VX - VY = 0.2V, 
Vss = Vee-0V, Vdd- 12V 


MAX UNITS 
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CD22M3494 


Electrical Specifications = -40°C to 85°C, Vqd = 12V. Vss == ov. V^e = ov. unless otherwise specified (Continued) 


PARAMETER 


Difference In ON Resistance 
Between Any Two Switches 


OFF-State Leakage Current 


TEST CONDITIONS 


ARon Ta = -40°C to 85°C, V|N = Vdd/2, 
VX - VY = 0.2V, Vqd = 12V 
Vss = Vee = 0V, VDD=12V 


IVX - VYI = 12V 



Electricai Specifications Ta = 25°C, Vss - ov, v^^ » ov, v^p » 14V, sopF, unless otherwise Specified 


PARAMETER 


DYNAMIC CROSSPOINTS 


Switch I/O Capacitance 


Switch Feedthrough Capacitance 


Propagation Delay Time (Switch ON) 
Signal Input to Output, tpHL or tpi.H 


Frequency Response Channel ON 
f = 20log(VX/VY)==-3dB 


Total Harmonic, THD 


Feedthrough Channel OFF 
Feedthrough = 20log (VX/VY) = Fqt 


Frequency for Signal Crosstalk, fQj 
Attenuation of: 


Control Crosstalk 
DATA-Input, ADDRESS, 
or STROBE to Output 


TEST CONDITIONS 


V|N = Vdd/ 2, f = 1MHz 


V|N = Vdd/ 2, f= 1MHz 


Cl = 3pF, Rl = 750, V||sj = 2Vp.p 


II 


V|N = 2Vp.p,f=1kHz 


,N = 2Vp.p,f=1kHz 


40dB V,N = 2Vp.p, Rl = 75Q 
110dB V|N = 2Vp.p, Rl = 1 kQ II 10pF 


Control Input = 3Vp.p 
Square Wave, tp = tp = 10ns 
R,n = 1K, RouT=10k^^ll lOpF 



Eiectrical Specifications Ta = 25°C, Vss = ov, Vee ^ ov, Vdd = 14V, Rl = 1 kO II SOpF, unless otherwise specified 
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TRUTH TABLE X AXIS 


TRUTH TABLET AXIS 



To make a connection (close switch) between any two points, specify an “X” address, a “Y” address, set “DATA” high, and 
switch “STROBE” from low to high. To break a connection, follow this same procedure with “DATA” low. 


Example: 


To connect switch X3 to switch Y4: 
To connect switch X6 to switch Y7: 
To break connection from X3 to Y4: 


X ADDRESS 


YADDRESS 


DATA I AX3 AX2 AX1 AXO I AY2 AY1 AYO 


Typical Performance Curve 


Ron vs V,n AT -55<*C, 2S^C AND 85°C 
Vee»-6v,Vs8»0V,Vdd«6V 


-8 -6 -4 -2 0 2 4 
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i 


Pin Descriptions 


SYMBOL 

40 LEAD PDIP 
PIN NO. 

44 LEAD PLCC 
PIN NO. 

DESCRIPTION 

MQ 

SO 

POWER SUPPLIES 

Vdd 

40 

44 

44 

Positive Supply 

Vss 

16 

18 

17 

Negative Supply (Digital) 

< 

m 

m 

20 

22 

22 

Negative Supply (Analog) 

ADDRESS 

AX0-AX3 

5, 22,23 and 4 

5,24, 25 and 4 

X Address Lines. These pins select one of the 16 rows of switches. See the Truth Table 
for the valid addresses. 

AYO - AY2 

24, 25 and 2 

26, 27 and 2 

Y Address Lines. These pins select one of the 8 columns of switches. See the Truth 
Table for the valid addresses. 

CONTROL 

DATA 

38 

42 

DATA Input determines the state of the addressed switch. A high or one will close the 
switch. A low or zero will open the switch. 

STROBE 

18 

20 

STROBE Input enables the action defined by the DATA and ADDRESS Inputs. A low 
or zero results in no action. The ADDRESS Input must be stable before the STROBE 
Input goes to the active high level. The DATA Input must be stable on the failing edge 
of the STROBE. 

RESET 

3 

3 

MASTER RESET. A high or one on this line opens all switches. 

CS 

36 

40 

39 

CHIP SELECT. Device is selected when CS Is at a high level, allows the crosspoint 
array to be cascaded for matrix expansion. 

INPUTS/OUTPUTS 

X0-X5 

X6-X11 

X12-X15 

33-28,8-13, 
27, 26, 6, 7 

37-329-14,31, 
30, 7, 8 

Analog or Digital inputs/Outputs. These pins are the rows XO - XI5. 

Y0-Y7 

I/O 

35,37,39,1,21, 
19,17 and 15 

40,41,43,1,23, 
21,19 and 18 

Analog or Digital Inputs/Outputs. These pins are the columns YO - Y7. 


Pinouts 



CD22M3494E CD22M3494MQ CD22M3494Sa 

(PDIP) (PLCC) (MITEL LEAD COMPATIBLE) (PLCC) (SGS LEAD COMPATIBLE) 

TOP VIEW TOP VIEW TOP VIEW 
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SEMICONDUCTOR 


January 1997 


CD74HC22106, 

CD74HCT22106 

QMOS 8x8x1 
Crosspoint Switches with Memory Controi 


Features 

• 64 Analog Switches in an 8 x 8 x 1 Array 

• On-Chip Line Decoder and Controi Latches 

• Automatic Power-Up Reset by Using a 0.1 Capacitor 
at the MR Pin 

• Ron Resistanced 95^ at Vcc = 4.5V 

• Anaiog Signai Capabiiity: Voo/2 

• Wide Operating Temp. Range: -40^Cto85^C 

Family Features 

• CD74HC Types 

- 2V to 10V Operation 

- High Noise immunity: N||, = 30%, N|h = 30% of Vqq; 
atVQD = 5V and 10V 

• CD74HCT Types 

- 4.5V to 5.5V Operation 

- Direct LSTTL Input Logic Compatibiiity: 

ViL = 0.8V (Max), V,H = 2V (Min) 

- CMOS input Compatibiiity: i| < I^A at Vql* Vqh 


Description 

The CD74HC22106 and CD74HCT22106 are digitally 
controlled analog switches which utilize silicon-gate CMOS 
technology. The CD74HC22106 type features CMOS input- 
voltage-level compatibility and the CD74HCT22106 features 
LSTTL input-voltage-level compatibility. 

The Master Reset has an internal pull-up resistor and is 
normally used with a O.lpF capacitor. During power up all 
switches are automatically reset. The crosspoint switches 
will reset with MR = 0 even if CE Is high. A 6-bit address 
through a 6 line to 64 line decoder selects the transmission 
gate which can be turned on by applying a logic ONE to the 
DATA input and logic ZERO to the STROBE. Similarly, any 
transmission gate can be turned OFF by applying a logic 
ZERO to the DATA input while strobing the STROBE with a 
logic ZERO. 

The CE pin allows the crosspoint array to be cascaded for 
matrix expansion in both the X and Y directions. 

Ordering Information 

PART NUMBER RANGE (^C) PACKAGE PKG. NO. 


CD74HC22106E 

CD74HCT22106E 


28 Ld PDIP E28.6 
28 Ld PDIP E28.6 


Pinout 


CD74HC22106, CD74HCT22106 
(PDIP) 

TOP VIEW 



CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1C Handling Procedures. 
Copyright © Harris Corporation 1997 a oi« 
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Absolute Maximum Ratings 

DC Supply Voltage (Vdq) 

Voltage Reference to Vss Terminal.-0.5V to 11V 

DC Input Diode Current 

l,K (for V, < -0.5 or V, > Vqd 0.5V.±20mA 

DC Output Diode Current 

loK (For Vo < -0.5 or Vq > Vqd 0.5V.±20mA 

DC Transmission Gate Current.±25mA 

Power Dissipation per Package (Pq) 

For Ta = -40°C to 60°C (Package Type E).500mW 

For T/^ = -60°C to 85°C (Package Type E).Derate Linearily at 

12mW/°C to 200mW 


Thermal Information 

Maximum Junction Temperature.175°C 

Maximum Junction Temperature (Plastic Package).150°C 

Maximum Storage Temperature Range.-65°C <Ta <150°C 

Maximum Lead Temperature (Soldering 10s).300°C 


loK (For Vo < -0.5 or Vo > Vqd 0.5V.±20mA Operating Conditions 

DC Transmission Gate Current.±25mA _ _ , 

Power Dissipation per Package (Pd) Temperature Range (T*) 

ForT a = -40°Cto60“C(PackageTypeE).SOOmW „ t'' c n'o' ' V ’ ' 0 ^° Cto85 C 

For Ta = -60»C to 85°C (Package Type E).Derate Lineariiy at „„ 

12mW/°C to 200mW CD74HC22106 . 2V to 10V 

CD74HCT22106.4.5V to 5.5V 

DC Input or Output Voltage V|, Vo.OV to Voo 

CAUTION: Stresses above those listed in “Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the opemtional sections of this specification is not impiied. 


Electrical Specifications Vgs = gnd 


CD74HC22106 


TEST 

CONDITIONS 


CD74HCT22106 


PARAMETER 


STATIC SPECIFICATIONS 


High-Level Input Voltage 
V|H 


Low-Level Input Voltage 

- 

2 

_1 

V|L 

- 

la 


- 

9 

Input Leakage Current 
(Any Control) 

'l 

Voo or 
GND 

10 

Quiescent Device 

Current, Iqc (with MR = 1) 

Vdd or 
GND 

10 

Off Leakage Current, li. 
(with MR = 1) 

Ail 

Switch¬ 
es OFF 

10 

“On” Resistance 

Vqd to 

2 

Ron 

GND 

Figures 

la 


8,9 

9 


Vdd/2 

- 


“On” Resistance 
Between Any Two 
Channels ARon 
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CD74HC22106, CD74HCT22106 


Electrical Specifications Vss = ov 


PARAMETER 


DYNAMIC CONTROLS 


Propagation Delay Time: 


Strobe to Output 
(Switch Turn-On to 
High Level) 


Data-In to Output 
(Turn-On to High Level) 


Address to Output tpzH 

(Turn-On to High Level) 


Propagation Delay Time: tpHz 

Strobe to Output 
Switch Turn-Off 


Data-In to Output 
(Turn-On to Low Level) 



Address to Output 
(Turn-Off) 


Minimum Setup Time 
(Data-In to Strobe, 
Address to Strobe) 


Minimum Hold Time 
(Data-In to Strobe, 
Address to Strobe) 































































































































































































CD74HC22106, CD74HCT22106 


Electrical Specifications 


TEST 

PARAMETER SYMBOL CONDITIONS 


DYNAMIC SPECIFICATIONS 


Propagation Delay tpLH. tpHL = '•Okfl 
Time, Signal Input to Cl = 50pF 

Output tp, tp - 6ns 



-40®C to 85®C 


IPJIJJJ 



Crosstalk Between 
Any Two Channels 


Switch “OFF” -40dB 
Feed Through 
Frequency 


Total Harmonic 
Distortion 


Control to Switch 
Feed-Through Noise 
(DATA IN, Strobe, 
Address) 


Capacitance, 



■■ 


THD RL=10ka 
f= 1kHz sine- 
wave 


Rl = 6000 
f=1kHz 


RL=10kQ 
tp, tp = 6ns 
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CD74HC22106, CD74HCT22106 


Test Circuits and Waveforms 


DATA-IN 




FIGURE 1. PROPAGATION DELAY TIME TEST CIRCUIT AND WAVEFORMS 


(STROBE TO SIGNAL OUTPUT, SWITCH TURN-ON OR TURN-OFF) 


DATA-IN 



FIGURE 2. PROPAGATION DELAY TIME TEST CIRCUIT AND WAVEFORMS 

(DATA-IN TO SIGNAL OUTPUT, SWITCH TURN-ON TO HIGH OR LOW LEVEL) 



FIGURE 3. PROPAGATION DELAY TIME TEST CIRCUIT AND WAVEFORMS 

(ADDRESS TO SIGNAL OUTPUT, SWITCH TURN-ON OR TURN-OFF) 




CD74HC22106, CD74HCT22106 


Typical Application Information 


HC OR CMOS 

' OUTPUT CONTROL 

INPUT 


i.JL 


ANALOG 

input: 

0V-5V 


I_ ^ ANALOG OUTPUT 

HC22106 I OV TO 5V 


#HC LOGIC FOR CMOS INPUTS I ^SS 

HCT LOGIC FOR TTL INPUTS -=r 

GND 

FIGURE 4. TYPICAL SINGLE SUPPLY CONNECTION FOR HC22106 


5V CD4000A/B 

''CC ? CMOS BIPOLAR 

KJ / OUTPUT 


/f 5V 

i » 

-SV -5V 


zFt 


CONTROL 

INPUT 


ANALOG 
INPUT : 
-5VT05V 


HC2210S 


FIGURE 5. TYPICAL DUAL SUPPLY CONNECTION FOR HC22106 


CONTROL. 

SIGNAL^ 


IkQ^ CONTROL T ''dd 

T INPUT i ' 


ANALOG 

input: 

0VTO10V 


HC22106 _^ANALOG OUTPUT 

HC22106 I ► Qv TO 10V 


NOTE: For CMOS input levels use HC03 logic type. 

For TTL input levels use HCT03 logic type. GNd 

FIGURE 6. USE OF HC/HCT03 WHEN CONTROL IS OV TO 5V AND ANALOG SIGNAL IS OV TO 10V 


Q TTL TYPE 

T / OUTPUT 

CONTROL _ T 


INPUT ■ 



ANALOG OUTPUT 
0VTO5V 


GND 

FIGURE 7. TYPICAL SINGLE SUPPLY CONNECTION FOR HCT22106 WITH TTL INPUT 
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CD74HC22106, CD74HCT22106 


Typical Performance Curves 



INPUT VOLTAGE (V) INPUT SIGNAL (V) 

FIGURE 8. TYPICAL “ON” RESISTANCE AS A FUNCTION OF FIGURE 9. TYPICAL “ON” RESISTANCE AS A FUNCTION OF 

INPUT SIGNAL VOLTAGE vs TEMPERATURE INPUT SIGNAL VOLTAGE vs Vqd 


IK 10K 100K 

FREQUENCY (Hz) 


1M 



-10 


10M 


FIGURE 10. TYPICAL “ON” SWITCH ATTENUATION AND 

CROSSTALK AS A FUNCTION OF FREQUENCY 


i 



0 

-2 

-4 

>6 

-8 

-10 

-12 


10 


100 


IK 10K 100K 

FREQUENCY (Hz) 


FIGURE 11. TYPICAL “ON” SWITCH ATTENUATION AND “OFF” 
SWITCH FEED THROUGH AS A FUNCTION OF 
FREQUENCY 


‘ON” SWITCH ATTENUATION (dB) 
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CMOS HDB3 (High Density Bipoiar 3) Transcoder 
for 2.048/8.448Mb/s Transmission Appiications 


Features 

• HDB3 Coding and Decoding for Data Rates from 
50Kh/8 to lOMb/s in a Manner Consistent with 
CCITT G703 Recommendations 

• HDB3/AMI Transmission Coding/Reception 
Decoding with Code Error Detection is 
Performed in independent Coder and Decoder 
Sections 

• All Transmitter and Receiver Inputs/Outputs are 
TTL Compatibie 

• Intemai Loop Test Capabiiity 

• Pin and Functionaiiy Compatibie with Type 
MJ1471 

Ordering Information 

PART TEMP. 

NUMBER RANGE C’C) PACKAGE PKG. NO. 

CD22103AD -55 to 125 16 Ld SBDIP D16.3 
CD22103AE -40 to 85 16LdPDIP E16.3 


Description 

The CD22103A is an LSI SOS integrated circuit which performs the 
HDB3 transmission coding and reception decoding functions with error 
detection. It is used in 2.048Mb/s and 8.448Mh/s transmissbn applica¬ 
tions. The CD22103A performs HDB3 coding and decoding for data 
rates from 50Kb/s to lOMb/s In a manner consistent with CX5ITT G703 
recommendations. 

HDB3 transmission coding^reception decoding with code error detection 
is performed in independent coder and decoder sections. Ail transmitter 
and receiver inputs/outputs are TTL compatible. 

The HDB3 transmitter coder codes an NRZ binary unipolar Input signal 
(NRZ-IN) and a synchronous transmission dock (CT)Q Into two HDB3 
binary unipolar RZ output signals (+HDB3 OUT, -HDB3 OUT). The TTL 
compatibie output signals +HDB3 OUT, -HDBS OUT are externally mixed 
to generate ternary bipoiar HDBS signals for driving transmission lines. 

The receiver decoder converts binary unipolar inputs (+HDB3 IN, -HDBS 
IN), which were externally split from ternary bipolar HDBS signals, and a 
sy^ronous dock signal (CRX) into binary unipolar NRZ signals (NRZ- 
OUT). 

The CD2210SA operates with a 5V ±10% power supply voltage over the 
full military temperature range at data rates from 50Kh/s up to lOMb/s. 


Pinout 


Block Diagram 


CD22103A 
(PDIP, SBDIP) 

TOP VIEW 



NRZ-IN 
ENCODER . 
IN“^ 


TRANSMITTER 

CODER 



CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1C Handling Procedures. 
Copyright © Harris Corporation 1997 . 
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Absolute Maximum Ratings 

Supply Voltage (Vpo) 


Thermal Information 

Maximum Junction Temperature.175°C 


(Voltages referenced to Vss Terminal).-0.5 to 8V Maximum Junction Temperature (Plastic Package).150°C 


Supply Voltage Range 


Maximum Storage Temperature Range.-65°C 150°C 


For Ta = Full Package Temperature Range.4.5V to 5.5V Maximum Lead Temperature (Soldering 10s).300°C 

Input Voltage (All Inputs).-0.5 to Vpp +0.5V 

Input Current (Any One Input).±10mA Operating Conditions 


Input Current (Any One Input).±10mA wperaiing uonuiiiuns 

Power Dissipation Temperature Range 

For Ta = -40°C to 60°C (Package Type E). 500mW Package Type D.-55°C < T^ ^ 125°C 

For Ta = eo^C to 85°C Package Type E.-40“C s Ta £ 85°C 

(Package Type E).Derate Linearly 12mW/®C to 200mW 

For Ta =* -550C to lOO^C (Package Type D). 500mW 

For Ta =100^0 to 125®C 

(Package Type D).Derate Linearly 12mW/®C to 200mW 

Device Dissipation per Output Transistor 
For Ta = Full Package Temperature Range (All Types).100mW 

CAUTION: Stresses above those listed In “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications Vqd = 5V ±1 o%, Ta == 25°c 


PARAMETER 


STATIC SPECIFICATIONS 


Quiescent Device Current 


Operating Device Current 


HDB3 Output Low (Sink) Current 


HDB3 Output High (Source) Current 


All Other Outputs Low (Sink) Current 


Ail Other Outputs High (Source) Current 


Input Low Current 


Input High Current 


Input Low Voltage 


Input High Voltage 


Input Capacitance 



Electrical Specifications Ta * -40OC to 850c for Plastic Package; -55°C to 1 25®C for Ceramic Package; VpD = 4.5V to 5.5V; 
Cl*15pF 


PARAMETER 


DYNAMIC INPUT 


CTX, CRX Input Frequency 


NRZ-INtoCTX 
Data Setup Time 



Data Hold Time 


HDB3INtoCRX 
Data Setup Time 


Data Hold Time 


CRX to CKR (CRX = 8.448MHz) 
Pretrigger 


Delay 
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Electrical Specifications = >40°c to 85°C for Plastic Package; -55°C to 125°C for Ceramic Package; Vqd = 4.5V to 5.5V; 
Cl=15pF (Continued) 


PARAMETER 


DYNAMIC OUTPUT 


Transmitter Coder, CTX to HDB3 OUT: 
Data Propagation Delay Time 


Handling Delay Time 


HDB3 OUT Output Pulse Width 
(Clock duty cycle = 50%) 
fcL = 2.048MHz 


= 8.448MHz 


Receiver Decoder 
CRX to NRZ OUT: 

Data Propagation Delay Times 


Handling Delay Time 


HDB3 IN to CKR 
HDB3 Propagation Delay Time 
LTE = 0 



Functional Description 

The CD22103A is designed to code and decode HDB3 
signals which are coded as binary digital signals (NRZ-IN) 
and (+HDB3 IN, -HDB3 IN), accompanied by sampling 
clocks (CTX) and (CRX). The two binary coded HDB3 out¬ 
puts, (+HDB3 OUT, -HDB3 OUT) may be externally mixed to 
create the ternary HDB3 signals (See Figure 1). 

The two binary HDB3 input signals have been split from the 
input ternary HDB3 in an external line receiver. 

The receiver decoder converts binary unipolar inputs (+HDB3 IN, 
-HDB3 IN), which were externally split from ternary bipolar HDB3 
signals, and a synchronous clock signal (CRX) into binary unipolar 
NRZ signals (NRZ-OUT). 

Received signals not consistent with HDB3 coding rules are 
detected as errors. The receiver error output (ERR) is active high 
during one CRX period of each bit of received data that is inconsis¬ 
tent with HDB3 coding rules. 

An input string consisting of all ones (or marks) is detected and 
signaled by a high level at the Alarm Signal (AIS) output. The AiS 
output is set to a high level when less than three zeros are 
received during two consecutive periods of the Reset Alarm Inhibit 
Signal (RAIS). The AIS output is subsequently reset to a low level 
when three or mo re zeros are received during two periods of the 
reset signal (RAIS). 

A diagnostic Loop-Test Mode may be entered by driving the Loop 
Test Enable Input (LTE) high. In this mode the HDB3 transmitter 
outputs (+HDB3 OUT, -HDB3 OUT) are Internally connected to 


the HDB3 receiver inputs, and the external HDB3 receiver inputs, 
and the external HDB3 receiver inputs (+HDB3 IN, -HDB3 IN) are 
disabled. The NRZ binary output signal (NRZ - OUT) corresponds 
to the NRZ binary input signal (NRZ - IN) delayed by approxi¬ 
mately 8 clock periods. 

The Clock Receiver Output (CKR) is the product of the two HDB3 
input signals or-ed together. The CRX clock signal may be derived 
from the CKR signal with external clock extraction circuitry. In the 
Loop Test Mode (LTE = 1) CKR Is the product of the +HDB3 OUT 
and -HDB3 OUT signals or-ed together. 

The CD22103A may also be used to perform the AMI to NRZ 
coding/decoding function. To use the CD22103A in this mode, the 
HDB3/AMI control input is driven low. 

Error Detection 

Received HDB3/AMI binary input signals are checked for 
coding violations, and an error signal (ERR) is generated as 
described below. 

• HDB3 Signals HDB3/AMI = High 

The error signal (ERR) is flagged high for one CTX period If 
a violation pulse (±V) is received of the same polarity as the 
last received violation pulse. 

A violation pulse (±V) is considered a reception error and 
does not cause replacement of the last string of 4 bits to 
zeros, if: 
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The received 4 data bits previous to reception of the violation 
pulse have not been the sequence BXOO (where X = don't 
care). The error signal (ERR) remains low. 

NOTES: 

1. The data sequences BOOOV and BBOOV are valid HDB3 codings 
of the NRZ binary sequence 10000. 

2. The error signal (ERR) count, is the accurate number of all single 
biterrors. 

• AMI Signals HDB3/AMI = Low 

- A coding error (ERR) is signaled when a violation pulse 
(+V) Is received. 

• In Either the HDB3 or AMI Mode 

- When high levels appear simultaneously on both HDB3 
inputs (+ HDB3 IN, -HDB3 IN) a logical one is assumed 
in the HDB3/AMI Input stream and the error signal 
(ERR) goes high for the duration of the violation. 

Alarm Inhibit Signal 

- The alarm output (AIS) is set high If, in two succe ssive 
periods of the external Reset Alarm Signal (RAIS), less 
than three zeros are received. 

- The alarm output (AIS) is reset low when three or more 
zeros are received during two Reset Alarm Signal periods. 


Transcoder Operation 

Transmitter Coder (See Figure 1) 

The HDB3/AMI transmitter coder operates on 4-blt serial 
strings of NRZ binary data and a synchronous transmitter 
clock (CTX). NRZ binary data is serially clocked into the 
transmitter on the negative transition of the (CTX) clock. 
HDB3/AMI coding is performed on the 4-bit string, and 
HDB3/AMI binary output data is clocked out to the (+HDB3 
OUT, -HDB3 OUT) outputs on the positive transition of the 
transmitter clock (CTX) 3 1/2 clock pulses after the data 
appeared at the (NRZ-IN) Input. 

Receiver Decoder (See Figure 2) 

The HDB3/AMI receiver decoder operates on 4-bit serial 
strings of binary coded HDB3/AMI signals, and a synchro¬ 
nous receiver clock (CRX), HDB3/AMI binary data is serially 
clocked into the receiver on the positive transition of the 
(CRX) clock. HDB3/AMI decoding is performed on the 4-blt 
string, and NRZ binary output data is clocked out to the 
(NRZ-OUT) output on the positive transition of the receiver 
clock (CRX) 4 clock pulses after the data appeared at the 
(+HDB3 IN, -HDB3 IN) inputs. 


HANDLING DELAY 


cnc JinJTJihjTJiTLTmjTj^ 



FIGURE 1. TRANSMITTER CODER OPERATION TIMING WAVEFORMS - NRZ TO HDB3/AMI COOING 












CD22103A 




FIGURE 4. INPUT REQUIREMENTS AND OUTPUT CHARACTERISTICS 
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FIGURE 5. CRX RECONSTRUCTION REQUIREMENTS 


cRx jTnjiTLnjinnjTTiJxriJiJTJTJT^^ 



nGURE 6. RECEIVER ALARM-INHIBIT-SIGNALS TIMING WAVEFORMS 


jxnjTjxnxurnnjiJi^^ 


•jtL 


I I I I I I 
I 




-HDB3 IN 


JtL 


ERR 


I I I I I 

I I I I I 


I I I I I I 


FIGURE 7. RECEIVER ERROR-SIGNALS TIMING WAVEFORMS 


Definition of HDB3 Code Used in CD22103A HDB3 

Transcoder (As Per CCITRT G703 Annex 

Recommendations) and Error Detection 

Coding Of A Binary Signai Into An HDB3 Signal Is Done 

According To The Following Rules: 

1. HDB3 signal is pseudoternary; the three states are 
denoted B+, B-, and 0. 

2. Spaces (zeros) in the binary NRZ signai are coded as 
spaces in the HDB3 signal. For strings of four spaces, 
however, special rules apply (See Item 4 below). 

3. Marks (ones) in the binary signal are coded alternately as 
B+ and B- in the HDB3 signal (alternate mark inversion). 
Violations of the rule of alternate mark inversion are intro¬ 
duced when coding strings of four spaces (See Item 4 
below). 

4. Strings of four spaces in the binary signal are coded 
according to the foliowinq rules: 


A. The first space of a string is coded as a space if the polar¬ 
ity of the preceding mark of the HDB3 signai has a polarity 
opposite to the preceding violation and is not a violation by 
itself; it is coded as a mark, i.e., not a violation (i.e., B+ or 
B-), If the preceding mark of the HDB3 signal has the same 
polarity as that of the preceding violation or is by itself a 
violation. 

This rule ensures that successive violations are of alter¬ 
nate polarity so that no DC component is introduced. 

B. The second and third spaces of a string are always coded 


C. The last space of a string of four is always coded as a 
mark, the polarity of which is such that it violates the rule of 
alternate mark Inversion. Such violations are denoted V+ 
or V- according to their polarity. 








CD22301 



Features 

• Automatic Line Buildout 

• Supply Voltage.5.1V 

• Buffered Output 

Applications 

• Bipolar Carrier System.T1 1.544Mbits/s 

• Ternary Carrier System.T148 2.37Mbits/s 

Ordering Information 


Description 

The CD22301 monolithic PCM repeater circuit is designed 
for T1 carrier systems operating with a bipolar pulse train of 
1.544Mbits/s. It can also be used in the T148 carrier system 
operating with a ternary pulse train of 2.37Mbits/s. The cir¬ 
cuit operates from a 5.1 V ±5% externally regulated supply. 

The CD22301 provides active circuitry to perform all func¬ 
tions of signal equalization and amplification, automatic line 
buildout (ALSO), threshold detection, clock extraction, pulse 
timing and buffered output formation. 


PART TEMP. 

NUMBER RANGE C’C) PACKAGE 


Pinout 


ALBO GROUND 
ALB01 OUTPUT 


ALBO 2 OUTPUT 
ALBO 3 OUTPUT 


PREAMP INPUT 4 
PREAMP INPUT- 


PREAMP OUTPUT -i- 
PREAMP OUTPUT- 


CD22301 (PDIP) 
TOP VIEW 



LCTANK INPUT 


CLOCK LIMITER OUTPUT 
TIMING PULSE INPUT 


OUTPUT PULSE 1 
OUTPUT PULSE 2 



CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1C Handling Procedures. 
Copyright © Harris Corporation 1997 


File Number 1368.3 
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CD22301 


Absolute Maximum Ratings 


Thermal Information 


Supply Voltage. 10V Maximum Junction Temperature.175°C 

Input Current (Into Pin 9 or 10).25mA Maximum Junction Temperature (Plastic Package).150°C 

Peak Current (Into Pin 9 or 10).100mA Maximum Storage Temperature Range.-65°C ^ T^ < 150°C 

Input Surge Voltage (Between Pins 5 and 6, t = 10ms).50V Maximum Lead Temperature (Soldering 10s).300°C 

Output Surge Voltage (Between Pins 10 and 11, t = 1 ms).50V ^ ^ . 

Power Dissipation Operating Conditions 

For Ta = -40“C to 60°C. 500mW Temperature Range.-40°C S Ta S SS^C 

For Ta = 60°C to 85°C_Derate Linearly 12mW/°C to 200mW 

Device Dissipation per Output Transistor 
For Ta = Full Package Temperature Range (All Types).lOOmW 

CAUTION: Stresses above those listed In “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those Indicated in the operational sections of this specification is not implied. 


Eiectrical Specifications Ta = 25®c, Vcc = 5.iv ±5% (See Figure 4) 


PARAMETER 


STATIC DC VOLTAGES 


ALBO Pins (Pins 2, 3, 4 and 17) 


Pre Amp Inputs and Outputs (Pins 5, 6, 7 and 8) 


Output Pulse 1, 2 (Pins 10 and 11) 


Oscillator/Clock (Pins 12,13,15 and 16) 


STATIC DC CURRENTS 


Output Pulse 1,2 (Pins 10 and 11) 



Eiectrical Specifications Ta = 25^0, Vqc = 5.iv ±5% 
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CD22301 


Electrical Specifications = 25°c, Vcc = 5.1 v ±5% (Continued) 



NOTES: 

1. No signal input. Measure voltage between pins 7 and 8. 

2. Measure clock limiter input impedance at pin 15. Sea Figure 5. 

3. Adjust potentiometer for OV (See Figure 5). Measure ALSO off impedances from pins 2,3 and 4 to pin 1. 

4. Increase potentiometer until voltage at pin 17 = 2V (See Figure 5). Measure ALSO on Impedances from pins 2,3 and 4 to pin 1. 

5. Adjust potentiometer for AV = OV (See Figure 6). Then slowly increase AV in the positive direction until pulses are observed at the DATA 
terminal. 

6. Continue increasing AV until the DC level at the clock terminal drops to 4V (See Figure 6). 

7. Continue increasing AV until the ALSO terminal rises to IV (See Figure 6). 

8. Turn potentiometer in the opposite direction and measure negative threshold voltages by repeating tests outlined in notes 5,6 and 7. 

9. Set eiN = 2.75mVpMs at f»1.185MHz. Adjust frequency until maximum amplitude is obtained at pin 15. Observe output pulses at pins 
10 and 11. 

10. Adjust input signal amplitude until pulses just appear in outputs. Increase input amplitude by 3dB. 


4 
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CD22301 



TO AMPLIFIER 



FROM CLOCK 
THRESHOLD DETECTOR 

FIGURE 2. CLOCK INTERFACE CIRCUIT 



0.001 J. 1 


nF -r . 

1 

8.2Ico4 

1 

L > 0.1 4s * 

: ^•.2ko 

- \ 



TO TIMING 

PULSE 

AMPLIFIER 


FIGURE 3. PHASE-SHIFT INTERFACE CIRCUITS 


Cl ^ 
‘(NOTE) <91lcn 


NOTE: 

Cl AND Li 

RESONATE AT 1.272MHz 


3.83kQ lOO^H 


20 ^ 
130Q pF-£> 


-Q Vcc * 5.1V 
: O-l^iF 


PULSE OUTPUT 

FIGURE 4. DC AND OUTPUT PULSE TEST CIRCUIT 



Vcc “ 5.1V 


FIGURE 5. TEST CIRCUIT FOR IMPEDANCE MEASUREMENT 
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CD22301 



FIGURE 6. TEST CIRCUIT FOR THRESHOLD VOLTAGE MEASUREMENT 


4 



FIGURE 7. PREAMPLIFIER GAIN AND IMPEDANCE MEASUREMENT CIRCUIT 



FIGURE 8. OUTPUT PULSE WAVEFORM 
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SEMICONDUCTOR 


HC-5560 


January 1997 


PCM Transcoder 


Features 

• Single 5V Supply. .lOmA (TVp) 

• Mode Selectable Coding Including: 

- AMI (T1, TIC) 

- B8ZS(T1) 

- HDB3(PCM30) 

• North American and European Compatibility 

• Simultaneous Encoding and Decoding 

• Asynchronous Operation 

• Loop Back Control 

• Transmission Error Detection 

• Aiarm indication Signal 

• Replaces MJ1440, l\/IJ1471 and TCM2201 Transcoders 

Applications 

• North American and European PCM Transmission 
Lines where Pseudo Ternary Line Code Substitution 
Schemes are Desired 

• Any Equipment that Interfaces T1, TIC, T2 or PCM30 
Lines Including Multiplexers, Channel Service Units, 
(CSUs) Echo Cancellors, Digital Cross-Connects 
(DSXs), T1 Compressors, ^tc. 

• Related Literature 

- AN573, The HC-5560 Digital Line Transcoder 


Description 

The HC-5560 digital line transcoder provides encoding and 
decoding of pseudo ternary line code substitution schemes. 
Unlike other industry standard transcoders, the HC-5560 
provides four worldwide compatible mode selectable code 
substitution schemes, including HDB3 (High Density Bipolar 
3), B6ZS, B8ZS (Bipolar with 6 or 8 Zero Substitution) and 
AMI (Alternate Mark Inversion). 

The HC-5560 is fabricated in CMOS and operates from a 
single 5V supply. All Inputs and outputs are TTL compatible. 

Application Note #573, ‘The HC-5560 Digital Line 
Transcoder,” by D.J. Donovan is available. 

Ordering Information 


PART 

NUMBER 

TEMP. 
RANGE (°C) 

PACKAGE 

PKG. NO. 

HC3-5560-5 

0to70 

20 Ld PDIP 

E20.3 


Pinout 


HC-5560 
(PDIP) 
TOP VIEW 


FORCE AIS [T 
MODE SELECT 1 Q 
NRZ DATA IN Q 
CLK ENC |7 
MODE SELECT 2 Q 
NRZ DATA OUT [T 
CLK DEC [7 

r6sO‘ais [? 

AIS [9 
Ve«nc 


gRESlT 
g OUT1 
^ OUT2 
Bin 

^ LOOP TEST ENABLE 

ilA,N 
1§ CLOCK 
ill ERROR 



CAUTION; These devices are sensitive to electrostatic discharge. Users should follow proper 1C Handling Procedures. 
Copyright ©Harris Corporation 1997 a ooft 
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HC-5560 


Absolute Maximum Ratings 


Thermai information 


Voltage at Any Pin.GND -0.3V to Vqd 0.3V Thermal Resistance (Typical, Note 1) 


Maximum Vqd Voltage.7.0V pQip Package. 67 

Operating Conditions Maximum Junction Temperature.175°C 

operating Temperature Range.0»C to 70OC Maximurn Junction Temperature (Plastic Package) . , 150“C 

Hnoratinn w c;\/ +*;©/ Storage Temperature Range.-65°C to 150°C 

^ ® ® Maximum Lead Temperature (Soldering 10s). 300° 

Die Characteristics 

Transistor Count.4322 

Die Dimensions.119 mils x 133 mils 

Substrate Potential.+V 

Process.SAJI CMOS 

■CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operationai sections of this specification is not impiied. 


9ja(°C/W) 


1. 0JA is measured with the component mounted on an evaluation PC board in free air. 


Electricai Specifications Unless otherwise Specified, Typical parameters at 25°C, Min-Max parameters are over operating 
temperature range. Vqq = 5V 


PARAMETER 


STATIC SPECIFICATIONS 


Quiescent Device Current 


Operating Device Current 


OUT1, OUT2 Low (Sink) Current 
(Vol = 0.4V) 


All Other Outputs Low (Sink) Current 
(Vol = 0.8V) 


All Outputs High (Source) Current 
(Voh = 4V) 


Input Low Current 


Input High Current 


Input Low Voltage 


Input High Voltage 


Input Capacitance 


Electricai Specifications Unless otherwise Specified, Typical parameters at 25°C, Min-Max parameters are over operating 
temperature range. Vqd = 5V 


PARAMETER 


DYNAMIC SPECIFICATIONS 


CLK ENC, CLK DEC Input Frequency 


CLK ENC,CLK DEC Rise Time (1.544MHz) 
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HC-5560 


Electrical Specifications unless otherwise Specified, Typical parameters at 25°C, Min-Max parameters are over operating 
temperature range. V^q = 5V (Continued) 



Pin Descriptions 


PIN NUMBER 

FUNCTION 

DESCRIPTION 

1 

Force AIS 

Pin 19 must be at logic ‘0’ to enable this pin. A logic ‘1’ on this pin forces OUT1 and OUT2 to all 
‘1’s. A logic ‘0’ on this pin allows normal operation. 

2,5 

Mode Select 1, 
Mode Select 2 

MSI MSE Func.tio.o§ A§ 

0 0 AMI 

0 1 B8ZS 

1 0 B6ZS 

1 1 HDB3 

3 

NRZ Data in 

Input data to be encoded into ternary form. The data is clocked by the negative going edge of CLK 
ENC. 

4 

CLK ENC 

Clock encoder, clock for encoding data at NRZ Data in. 

6 

NRZ Data Out 

Decoded data from ternary Inputs A||g and Bug. 

7 

CLK DEC 

Clock decoder, clock for decoding ternary data on inputs A|fg and B^g. 

8,9 

Reset AIS, AIS 

Logic ‘0’ on Reset AIS resets a decoded zero counter and either resets AIS output to zero provided 

3 or more zeros have been decoded in the preceding Reset AIS period or sets AIS to *1' If less than 

3 zeros have been decoded in the preceding two Reset AIS periods. A period of Reset AIS is de- 
fined from the bit following the bit during which Reset AIS makes a high to low transition to the bit 
during which Reset AIS makes the next high to low transition. 

10 

Vss 

Ground reference. 

11 

Error 

A logic ‘1’ Indicates that a violation of the line coding scheme has been decoded. 


12 


Clock 


"OR” function of A|n and Bug for clock regeneration when pin 14 is at logic ‘O', "OR” function of 
OUT1 and OUT2 when pin 14 Is at logic ‘1’. 


















































































































HC-5560 


Pin Descriptions (Continued) 



DESCRIPTION 


Inputs representing the received PCM signal. A|n ‘1 ’ represents a positive going ‘1 ’ and B|rg»‘1 ’ 
represents a negative going ‘1*. A ||«4 and B||^ are sampied by the positive going edge of CLK DEC. 
A|n and B|n may be interchanged. 


Loop Test Enabie, this pin seiects between normal and loop back operation. A logic ‘0’ selects nor¬ 
mal operation where encode and decode are independent and asynchronous. A logic ‘1’ selects a 
loop back condition where OUT1 is internally connected to A|n and OUT2 is internally connected 
to B||^. A decode clock must be supplied. 


OUT1, OUT2 Outputs representing the ternary encoded NRZ Data in signal for line transmission. OUT1 and 
OUT2 are in return to zero form and are clocked out on the positive going edge of CLK ENC. The 
length of OUT1 and OUT2 is set by the length of the positive clock pulse. 


A logic ‘O' on this pin resets all internal registers to zero. A logic ‘1’ allows normal operation of all 
internal registers. 


A logic ‘1’ on this pin forces outputs OUT1 and OUT2 to zero. A logic '0' allows normal operation. 


Power to chip. 


Functionai Description 

The HC-5560 TRANSCODER can be divided into six sec¬ 
tions: transmission (coding), reception (decoding), error 
detection, aii ones detection, testing functions, and output 
controls. 

The transmitter codes a non-return to zero (NRZ) binary uni¬ 
polar input signal (NRZ Data in) into two binary unipolar 
return to zero (RZ) output signals (OUT1, OUT2). These out¬ 
put signals represent the NRZ data stream modified accord¬ 
ing to the selected encoding scheme (i.e., AMI, B8ZS, B6ZS, 
HDB3) and are externally mixed together (usually via a tran¬ 
sistor or transformer network) to create a ternary bipolar sig¬ 
nal for driving transmission lines. 

The receiver accepts as its input the ternary data from the 
transmission line that has been externally split into two 
binary unipolar return to zero signals (A||m and B||s|). These 
signals are decoded, according to the rules of the selected 
line code into one binary unipolar NRZ output signal (NRz 
Data Out). 

The encoder and decoder sections of the chip perform inde¬ 
pendently (excluding loopback condition) and may operate 
simultaneously. 

The Error output signal is active high for one cycle of CLK 
DEC upon the detection of any bipolar violation in the 
received A||v| and B||si signals that is not part of the selected 
line coding scheme. The bipolar violation is not removed, 
however, and shows up as a pulse in the NRZ Data Out sig¬ 
nal. In addition, the Error output signal monitors the received 
A||sj and B||vi signals for a string of zeros that violates the 
maximum consecutive zeros allowed for the selected line 


coding scheme (i.e., 15 for AMI, 8 for B8ZS, 6 for B6ZS, and 
4 for HDB3). In the event that an excessive amount of zeros 
is detected, the Error output signal will be active high for one 
cycle of CLK DEC during the zero that exceeds the maxi¬ 
mum number. In the case that a high level should simulta¬ 
neously appear on both received input signals A||sj and B||v| a 
logical one is assumed and appears on the NRZ Data Out 
stream with the Error output active. 

An input signal received at inputs Ain and B|n that consists 
of all ones (or marks) is detected and signaled by a high 
level at the Alarm Indication Signal (AiS) output. This is also 
known as Blue Code. The AiS output is set to a high level 
when less than three zeros are received during one pe riod of 
Reset AIS immediately followed by another period of Reset 
Ai^ containing less than three zeros. The AiS output is reset 
to a low level upon the first period of Reset AIS containing 3 
or more zeros. 

A logic high level on LTE enables a loopback condition 
where OUTI is internally connected to A|n and OUT2 is 
internally connected to B|n (this disables inputs A|n and Bin 
to external signals). In this condition, NRZ Data In appears 
at NRZ Data Out (delayed by the amount of clock cycles it 
takes to encode and decode the selected line code). A 
decode clock must be supplied for this operation. 

The output controls are Output Enable and Force AIS. These 
pins allow normal operation, force OUTI and OUT2 to zero, 
or force OUTI and OUT2 to output aii ones (AiS condition). 
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Line Code Descriptions 

AMI, Alternate Mark Inversion, is used primarily in North 
American T1 (1.544MHz) and T1C (3.152MHz) carriers. 
Zeros are coded as the absence of a pulse and ones are 
coded alternately as positive or negative pulses. This type of 
coding reduces the average voltage level to zero to eliminate 
DC spectral components, thereby eliminating DC wander. To 
simpiify timing recovery, logic 1’s are encoded with 50% duty 
cycle pulses. 


PCM CODE 000101 1101 000001 


2. If the immediate preceding pulse is of (+) polarity then 
code each group of 8 zeros as 000+-0-+. 


WWW - TWT" 

^hi—iWir- 


0 0 0 + - 0 - 


To facilitate timing maintenance at regenerative repeaters 
along a transmission path, a minimum pulse density of logic 
Is is required. Using AMI, there is a possibility of long strings 
of zeros and the required density may not always exist, lead¬ 
ing to timing jitter and therefore higher error rates. 

A method for insuring minimum logic 1 density by substituting 
bipolar code In place of strings of Os is called BNZS or Bipolar 
with N Zero Substitution. B6ZS is used commonly In North 
American T2 (6.3212MHz) carriers. For every string of 6 
zeros, bipolar code is substituted according to the following 
rule: 

If the immediate preceding pulse is of (-) polarity, then 
code each group of 6 zeros as 0+- 0+-, and if the 
immediate preceding pulse is of (+) polarity, code each 
group of 6 zeros as 0+- 0-+. 

One can see the consecutive iogic 1 pulses of the same 
polarity violate the AMI coding scheme. 


Vs VIOLATION 

The BNZS coding schemes, in addition to eliminating DC 
wander, minimize timing jitter and aiiow a line error monitor¬ 
ing capability. 

Another coding scheme is HDB3, high density bipolar 3, used 
primarily in Europe for 2.048MHz and 8.448MHz carriers. This 
code is similar to BNZS In that it substitutes bipolar code for 4 
consecutive zeros according to the following rule: 

1. If the polarity of the immediate preceding pulse Is (-) 
and there have been an odd (even) number of logic 1 
pulses since the last substitution, each group of 4 con¬ 
secutive zeros is coded as 000-(+00+). 

2. If the polarity of the immediate preceding pulse Is (+) 
then the substitution is 000+(-00-) for odd (even) num¬ 
ber of logic 1 pulses since the last substitution. 


PCM CODE 00010 1110000001 

0 - + 0 + - 


PCM CODE 0000101 11 0000001 


n ri nnn ooo* ■|•oo + 


0 + - 0 - 




V r VIOLATION 

B8ZS is used commonly in North American T1 (1.544MHz) 
and TIC (3.152MHz) carriers. For every string of 8 zeros, 
bipolar code is substituted according to the following rules: 

1. If the immediate preceding pulse is of (-) polarity, then 
code each group of 8 zeros as 000-+ 0+-. 


V r VIOLATION 

The 3 in HDB3 refers to the coding format that precludes 
strings of zeros greater than 3. Note that violations are pro¬ 
duced only In the fourth bit location of the substitution code 
and that successive substitutions produce alternate polarity 
violations. 
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Application Diagram 


FROM CODEC OR 
TRANSCODER 


ENCODER CLOCK 



DECODER CLOCK 


T1,T2, TIC, 
PCM 30 
LINE OUTPUT 


MODE SELECT 
LOGIC INPUTS 


CLOCK RECOVERY 
ALARM CLOCK 1 


ERROR 

MONITORS 


TO CODED OR TRANSCODER 

MSI MS2 SELECTS 

0 0 AMI 

0 1 B8ZS 

1 0 B6ZS 

1 1 HDB3 
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HC-5560 


Timing Waveforms (Continued) 


jmfuuuinnnnjinnnnfinnjinfumfuiiuinjiniinmiJinnnruL 


NRZ DATA OUT 


Two consecutive peri ods of Rese t AIS, each containing less than three zeros, sets AIS to a logic ‘V and remains in a logic ‘V 
state until a period of Reset AIS contains three or more zeros. 


cLKDEc juuinnruinfuuuifuuumiuinnfmnniuinnnjinnnjinnjuuL 


NRZ DATA OUT 


Zeros which occur during a high to low transition of Reset AIS are counted with the zeros that occurred before the high to low 
transition. 


nJTJTJXTTJTjTJTJTJ^^ 


31/2 CYCLES--^I 


FIGURE 6. ENCODE TIMING AND DELAY 

Data Is clocked on the negative edge of CLK ENC and appears on OUT1 and OUT2. OUT1 and OUT2 are Interchangeable. 
Bipolar violations and ail other pulses inserted by the line coding scheme to encode strings of zeros are labeled with an "S”. 
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Timing Waveforms (continued) 




AMI Am 
Bin 

NRZ DATA OUT 


NRZ DATA OUT 

B62S A,n 
Bin 

NRZ DATA OUT 


B8ZS Am 
Bin 

NRZ DATA OUT 


.4CYCI.ES-W 
-6CYCI.ES> 


FIGURE?. DECODE TIMING AND DELAY 

Data that appears on and B||vi is clocked by the positive edge of CLK DEC, decoded, and zeros are inserted for ail valid 
line code substitutions. The data then appears in non-return to zero to zero form at output NRZ Data Out. Ain and B|n are 
interchangeable. 


jinnjuinnnnnniirinnnjiiinnjuuirinj 


NRZ DATA 
OUT 


The ERROR signal indicates bipolar violations that are not part of a valid substitution. 
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CD22202, CD22203 


January 1997 


5V Low Power DTMF Receiver 


Features 

• Central Office Quality 

• No Front End Band Splitting Filters Required 

• Single, Low Tolerance, 5V Supply 

• Detects Either 12 or 16 Standard DTMF Digits 

• Uses Inexpensive 3.579545MHz Crystal for Reference 

• Excellent Speech Immunity 

• Output In Either 4-Bit Hexadecimal Code or Binary 
Coded 2-of-8 

• Synchronous or Handshake Interface 

• Three-State Outputs 

• Excellent Latch-Up Immunity 

Ordering Information 


PART 

NUMBER 


TEMP. 

RANGE C^C) PACKAGE 


ISLdPDIP El 8.3 
ISLdPDIP El 8.3 


Description 

The CD22202 and CD22203 complete dual-tone multiple 
frequency (DTMF) receivers detect a selectable group of 12 
or 16 standard digits. No front-end pre-filtering is needed. 
The only externally required components are an inexpensive 
3.579545MHz TV “colorburst” crystal (for frequency refer¬ 
ence) and a bias resistor. Extremely high system density is 
possible through the use of the clock output of a crystal con¬ 
nected CD22202/CD22203 receiver to drive the time bases 
of additional receivers. This is a monolithic integrated circuit 
fabricated with low-power, complementary symmetry CMOS 
processing. It only requires a single low tolerance power 
supply. 

The CD22202 and CD22203 employ state-of-the-art circuit 
technology to combine the digital and analog functions on 
the same CMOS chip using a standard digital semiconductor 
process. The analog Input is preprocessed by 60Hz reject 
and band splitting filters and then hard limited to provide 
AGC. Eight Bandpass filters detect the individual tones. The 
digital post processor times the tone durations and provides 
the correctly coded digital outputs. Outputs interface directly 
to standard CMOS circuitry and are three-state enabled to 
facilitate bus oriented architectures. 


Pinout 


CD22202, CD22203 
(PDIP) 

TOP VIEW 


HEX/128 [1 


Vdd [£ 
ED (203 ONLY), rr 
NC(202) L- 

VssI? 


ANALOG IN [9 




CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1C Handling Procedures. 
Copyright © Harris Corporation 1997 


File Number 1695.3 
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Absolute Maximum Ratings 

DC Supply Voltage (VQD)(Referenced to Vss Terminal).TV 

Power Dissipation 

Ta = 25 OC (Derate above Ta = 25°C at 6.25mW/®C.65mW 

input Voltage Range 

All Inputs Except Analog In. (Vqq +0.5V) to -0.5V 

Analog in Voltage Range. (Vdd +0.5V) to (Vqo “10V) 

DC Current into any Input or Output. .±20mA 

NOTE: Unused inputs must be connected to Vqq or Vss ^ appropriate. 


Thermal Information 

Maximum Junction Temperature.175°C 

Maximum Junction Temperature (Plastic).150°C 

Maximum Storage Temperature Range.-65°C to 150°C 

Maximum Lead Temperature (Soldering 10s).300°C 

Operating Conditions 

Temperature Range.0°Cto70®C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification Is not implied. 


Electrical Specifications o^c ^ Ta ^ +70°c, Vqd *= 5V ± 10 % 


PARAMETER 

TEST CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Frequency Detect Bandwidth 


±(1.5 + 2Hz) 

±2.3 

±3.5 

% of f 0 

Amplitude for Detection 

Each Tone 

-32 

- 

-2 

dBm Referenced to 600Q 

Minimum Acceptable Twist 

Twist = Hiah^ 

Low Tone 

-10 

■ 

+10 

dB 

60Hz Tolerance 


- 

- 

0.8 

Vrms 

Dial Tone Tolerance 

“Precise” Dial Tone 

- 

" 

0 

dB Referenced to Lower 
Amplitude Tone 

Talk Off 

MITEL Tape #CM7291 

- 

2 

- 

Hits 

Digital Outputs (except XOUT) 

“0” Level, 400pA Load 

0 

- 

0.5 

V 

“1” Level, 200^lA Load 

Vdd "0-5 

- 

Vdd 

V 

Digital Inputs 

“0” Level 

0 

" 

0.3Vdd 

V 

“1" Level 

O.TVdd 

- 

Vdd 

V 

Supply Current 

Ta = +25°C 

- 

10 

16 

mA 

Noise Tolerance 

MITEL Tape #CM7291 
(Note 1) 

- 


-12 

dB Referenced to Lowest 
Amplitude Tone 

Input impedance 

Vqd^ V|N ^ (Vdd “10 ) 

100kn//15pF 

300kQ 

- 



NOTE: 

1. Bandwidth limited (3kHz) Gaussian noise. 










































































CD22202, CD22203 



System Functions 

Analog In 

The Analog In pin accepts the analog input. It is internally 
biased so that the input signal may be either AC or DC cou¬ 
pled, as long as it does not exceed the positive supply volt¬ 
age. Proper input coupling is illustrated below. 


AUDIO c 
INPUT 
(•t-4dBm 
MAXIMUM) 


, CD22202, CD22203 
I Vdd 


(ON CHIP) 


ANALOG^ 

IN 


OPTIONAL 
HIGH FREQUENCY 
NOISE FILTER 
(fc s: 3.9lcHz) 


The CD22202 and CD22203 are designed to accept sinuso¬ 
idal input waveforms, but will operate satisfactorily with any 
input that has the correct fundamental frequency with har¬ 
monics that are at least 20dB below the fundamental. 

Crystal Oscillator 

The CD22202 and CD22203 contain an on-board inverter 
with sufficient gain to provide oscillation when connected to 
a low cost television “color-burst” (3.579545MHz) crystal. 
The crystal oscillator is enabled by tying XEN high. The crys¬ 
tal is connected between XIN and XOUT. A 1M£2 resistor is 
also connected between these pins in this mode. ATB is a 
clock frequency output. Other CD22202 and CD22203 
devices may use the same frequency reference by tying their 
ATB pins to the ATB output of a crystal connected device. 
XIN and XEN of the auxiliary devices must then be tied high 
and low, respectively. Up to ten devices may be run from a 
single crystal connected CD22202 and CD22203 as shown 
In Figure 2. 


FIGURE 1. ANALOG IN 
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CD22202, CD22203 


3.579545MHz 



UP TO 10 DEVICES 

FIGURE 2. CRYSTAL OSCILLATOR 

HEX/B^ 


DV remains high until a valid pause occurs or CLRDV is 
raised high, whichever is sooner. This handshake can save 
microprocessor time. 

DTMF Dialing Matrix 



COLO 

1209Hz 

COL1 

1336Hz 

COL 2 
1477Hz 

COL 3 
1633Hz 

ROWO 

697Hz 

m 

El 

El 

0 

ROW1 

770H2 

B 

El 

m 

0 

ROW 2 
852Hz 

m 

B 

0 

0 

ROWS 

941Hz 

□ 

0 

0 

0 


NOTE: Column 3 is for special applications and is not normally used 
in telephone dialing. 


This pin s elects the format of the digital output code. When 
HEX/B28 Is tied high, the output is hexadecimal. When tied 
low, the output is binary coded 2-of-8. The following table 
describes the two output codes. 

TABLE 1. OUTPUT CODES 



HEXADECIMAL 

BINARY CODED 2-OF-8 | 

DIGIT 

D8 

D4 

D2 

D1 

D8 

D4 

D2 

D1 

1 

0 


0 

1 

0 

0 

0 

0 

2 

0 

0 

1 

0 

0 

0 

0 

1 

3 

0 

0 

1 

1 

0 

0 

1 

0 

4 

0 

1 

0 

0 

0 

1 

0 

0 

5 

0 

1 

0 

1 

0 

1 

0 

1 

6 

0 

1 

1 

0 

0 

1 

1 

0 

7 

0 

1 

1 

1 

1 

0 

0 

0 

8 

1 

0 

0 

0 

1 

0 

0 

1 

9 

1 

0 

0 

1 

1 

0 

1 

0 

0 

_ 

0 

_ 


1 

1 

0 

1 

* 

“1 

0 

_ 

1 

1 

_ 

0 

0 

# 

1 

~ 

0 

0 

1 

~ 

~ 

0 

A 

1 

1 

0 

1 

"~o“ 

0 

1 

1 

B 

“i 

~ 

~ 

_ 

0 

0 

1 

1 

1 

C 

1 

1 


1 

1 

0 

1 

1 

D 

0 

0 

0 

0 

1 

1 

1 

1 


ED 

This pin, on the CD22203 only, indicates the presence of fre¬ 
quencies which are likely to be DTMF digits, but have not yet 
been verified by a DV signal. It is comparable to a “button- 
down” output, and it is useful as an EARLY DETECT signal to 
Interrupt a microprocessor for digit storage and validation. 

DV and CLRDV 

DV signals a detection by going high after a valid tone pair is 
sensed and decoded at the output pins D1, D2, D4, and D8. 


INI 633 

When tied high, this pin inhibits detection of tone pairs con¬ 
taining the 1633Hz component. For detection of all 16 stan¬ 
dard digits, IN1633 must be tied low. 

N/CPin 

This pin has no internal connection and should be left floating. 

Digital Inputs and Outputs 

All digital inputs and outputs of the DTMF receivers are rep¬ 
resented by the schematic below. Only the “analog in” pin is 
different, and is described above. Care must be exercised 
not to exceed the voltage or current ratings on these pins as 
listed in the “maximum ratings” section. 

VoD 


DIGITAL 

INPUT 


Vss 

FIGURES. DIGITAL INPUTS AND OUTPUTS 


Input Filter 

The CD22202 and CD22203 will tolerate total input noise of 
a maximum of 12dB below the lowest amplitude tone. For 
most telephone applications, the combination of the high 
frequency attenuation of the telephone line and internal 
band limiting make special circuitry at the input to these 
receivers unnecessary. However, noise near the 56kHz 
internal sampling frequency will be aliased (folded back) 
into the audio spectrum, so if excessive noise is present 





CD22202, CD22203 


above 28kHz, the simple RC filter shown below may be 
used to band limit the incoming signal. The cut off 
frequency is 3.9kHz. 


270ka 

-’AAAr"" 

ANALOG 

IN 

0.0015^F -k 

^33kO 


Timing Waveforms 


TONE BURST 1 |-^toN 

ANALOG^ ^ 

INPUT I 




pause Btoneburst^ 



NOTE: Early Detect output is available only on the CD22203. 


PARAMETER SYMBOL MIN TYP MAX UNITS 

Tone Time 

For Detection toN 40 - - ms 

For Rejection toN - - 20 ms 

Pause Time 

For Detection Ioff 40 - - ms 

For Rejection toFF * - 20 ms 


FIGURE 4. FILTER FOR USE IN EXTREME HIGH FREQUENCY 
INPUT NOISE ENVIRONMENT 


Noise will also be reduced by placing a grounded trace 
around XIN and XOUT pins on the circuit board layout when 
using a crystal. It is Important to note that XOUT Is not 
intended to drive an additional device. XIN may be driven 
externally; in this case, leave XOUT floating. 


Detect Time 

b 

25 

- 

46 

Release Time 

fR 

35 


50 

Data Setup Time 

tsu 

7 

- 

- 

Data Hold Time 

tH 

4.2 

- 

5 

DV Clear Time 

fCL 

- 

160 

250 

CLRDV Pulse Width 

fpw 

200 

- 

- 

ED Detect Time 

*ed 

7 

- 

22 

ED Release Time 

tER 

2 

- 

18 

Output Enable Time 

Cl = 50pF, RL=1 kQ 

- 

- 

200 

300 

Output Disable Time 
Cl = 35pF, Rl = 500Q 

- 

- 

150 

200 

Output Rise Time 
Cl*50pF 

- 

- 

200 

300 

Output Fall Time 

Cl = 50pF 

‘ 

- 

160 

250 


Guard Time 

Whenever the DTMF receiver is continually monitoring a 
voice channel containing distorted or musical voices or 
tones, additional guard time may be added in order to 
prevent false decoding. This may be done in software by 
verifying that both ED and DV are present simultaneously for 
about 55ms. An appropriate guard time should be selected 
to balance the fastest expected dialing speed against the 
rejection of distorted or musical voices or tones (most 
autodialers operate in the 65ms to 75ms range although a 
few generate 50ms tones). A hardware guard time circuit is 
shown in Figure 6 . R 3 and R 4 should keep the voice 
amplitude as low as practical, while R 2 and R 5 adjust 
detection speed. 
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ENABLE 

INPUT Vs CD74HC04 


D6 D4 D2 D1 
HEX DATA OUT 


(BUFFERS OPTIONAL) 

FIGURE 6. CD22203 DTMF RECEIVER WITH GUARD TIME CIRCUIT TO PROVIDE EXCEPTIONAL TALK-OFF PERFORMANCE 


Operating and Handling Considerations 
Handling 

All inputs and outputs of CMOS devices have a network for 
electrostatic protection during handling. Recommended han¬ 
dling practices for CMOS devices are described in 
ICAN-6525 “Guide to Better Handling and Operation of 
CMOS Integrated Circuits”. 

Operating 

Operating Voltage 

During operation near the maximum supply voltage limit, 
care should be taken to avoid or suppress power supply 
turn-on and turnoff transients, power supply ripple, or ground 
noise; any of these conditions must not cause Vqq - Vss to 
exceed the absolute maximum rating. 


Input Signals 

To prevent damage to the input protection circuit, input sig¬ 
nals should never be greater than Vqq nor less than Vss. 
input currents must not exceed 20mA even when the power 
supply is off. 

Unused Inputs 

A connection must be provided at every input terminal. All 
unused input terminals must be connected to either Vqq or 
VsSf whichever is appropriate. 

Output Short Circuits 

Shorting of outputs to Vpo or Vss i^oy damage CMOS 
devices by exceeding the maximum device dissipation. 
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Features 

• No Front End Band Splitting Fiiters Required 

• Single Low Tolerance 5V Supply 

• Three-State Outputs for Microprocessor Based 
Systems 

• Detects all 16 Standard DTMF Digits 

• Uses Inexpensive 3.579545MHz Crystai 

• Exceiient Speech Immunity 

• Output in 4-Bit Hexadecimai Code 

• Exceiient Latch-Up immunity 

Ordering Information 


PART TEMP. 

NUMBER RANGE C>C) 

CD22204E 0to70 

CD22204M 0to70 


PACKAGE 
14 Ld PDIP 


PKG. NO. 

El 4.3 


24 Ld Plastic SOIC M24.3 


Description 

The CD22204 complete dual tone multiple frequency (DTMF) 
receiver detects a selectable group of 12 or 16 standard digits. No 
front-end pre-filtering is needed. The only externally required com¬ 
ponents are an inexpensive 3.579545MHz TV “colorbursf crystal 
(for frequency reference) and a bias resistor. Extremely high sys¬ 
tem density is possible through the use of the Alternate Time Base 
(ATB) output of a crystal connected CD22204 receiver to drive the 
time bases of up to 10 additional receivers. This is a monolithic 
integrated circuit fabricated with low power, complementary sym¬ 
metry CMOS processing. It only requires a single power supply. 

The CD22204 employs state-of-the-art “switched-capacitor” filter 
technology, resulting in approximately 40 poles of filtering and dig¬ 
ital circuitry on the same CMOS chip. The analog input is prepro¬ 
cessed by 60Hz reject and bandsplitting filters and then zero-cross 
detected to provide AGC. Eight bandpass filters detect the individ¬ 
ual tones. Digital processing is used to measure the tone and 
pause durations and provides the correctly coded and timed digital 
outputs. The outputs interface directly to standard CMOS circuitry 
and are three-state enabled to facilitate bus oriented architectures. 


Pinouts 


CD22204 (PDIP) 
TOP VIEW 


ANALOG 17 
inL- 



Functional Diagram 


LOWB/P 

FILTERS 


HIGH B/P 
FILTERS 


S 


CD22204(SOIC) 
TOP VIEW 




VOLTAGE 

REGyREF. 


NOTE: Pin numbers are for PDIP. 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1C Handling Procedures. 
Copyright © Harris Corporation 1997 a otut 
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Absolute Maximum Ratings (Note 1) 


Thermal Information 


DC Supply Voltage (Vpp) (Referenced to Vss Terminal).7V Maximum Junction Temperature.175°C 

Power Dissipation Maximum Junction Temperature (Plastic).150°C 

Ta 25°C (Derate above T^ = 25°C at 6.25mW/°C.65mW Maximum Storage Temperature Range.-65®C to 150°C 

input Voltage Range Maximum Lead Temperature (Soldering 10s).. 300°C 

All Inputs Except Analog In.(Vpp 0.5V) to-0.5V *• j-*- 

Analog in Voltage Range.(Vpo 0.5V) to (VpD -10V) Operating Conditions 

DC Current into any Input or Output.±20mA Temperature Range. .O^C to 70°C 

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications o°c ^ t^ ^ 70°c, VpD * 5V ±io% 


PARAMETER 


TEST CONDITIONS 


Frequency Detect Bandwidth 


Amplitude for Detection 


Minimum Acceptable Twist 


60Hz Tolerance 



Digital Inputs 


Supply Current 


Noise Tolerance 


Input impedance 


MITEL Tape #CM7291 
(Note 2) 


Vdd^V|n^(Vqd-10) 


100kQ//15pF 


1. Unused Inputs must be connected to Vpp or Vss as appropriate. 

2. Bandwidth limited (3kHz) Gaussian noise. 

3. Lower minimum available, please contact sales office. 
(*32dBm = 19.45mVpi^g, -2dBm = 0.615mVpi^g) 
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System Functions 

Analog In 

The Analog In pin accepts the analog input. It is internally 
biased so that the input signal may be either AC or DC cou¬ 
pled, as long as It does not exceed the positive supply volt¬ 
age. Proper input coupling is illustrated below. 


AUDIO < 
INPUT 
(•f4dBm OR 

'••22VRmis 

MAXIMUM) 


ISOOpF ^ 33kO 



OPTIONAL 
HIGH FREQUENCY 
NOISE FILTER 
(fc« 3.9kHz) 


The CD22204 is designed to accept sinusoidal input wave¬ 
forms, but will operate satisfactorily with any input that has 
the correct fundamental frequency with harmonics that are 
at least 20dB below the fundamental. 

Crystal Oscillator 

The CD22204 contains an on-board Inverter with sufficient 
gain to provide oscillation when connected to a low cost tele¬ 
vision “color-bursf (3.579545MHz) crystal. The crystal oscil¬ 
lator is enabled by fying XEN high. The crystal Is connected 
between XIN and XOUT. A resistor is also connected 
between these pins In this mode. ATB is a clock frequency 
output. Other CD22204 devices may use the same fre¬ 
quency reference by tying their ATB pins to the ATB output of 
a crystal connected device. XIN and XEN of the auxiliary 
devices must then be tied high and low, respectively. Up to 
ten devices may be run from a single crystal connected 
CD22204 as shown in Figure 2. 


FIGURE 1. ANALOG IN 
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3.579545MHz 



UP TO 10 DEVICES 

FIGURE 2. CRYSTAL OSCILLATOR 
Outputs D1, D2, D4, D8 and EN 

Outputs D1, D2, D4, D8 are CMOS push-pull when enabled 
(EN high) and open circuited (high impedance) when dis¬ 
abled by pulling EN low. These digital outputs provide the 
hexadecimal code corresponding to the detected digit. The 
digital outputs become valid after a tone pair has been 
detected and they are then cleared when a valid pause is 
timed. The table below describes the hexadecimal codes. 


TABLE 1. OUTPUT CODES 


DIGIT 

D8 

D4 

D2 

D1 

1 

0 

0 

0 

1 

2 

0 

0 

1 

0 

3 

0 

0 

1 

1 

4 

0 

1 

0 

0 

5 

0 

1 

0 

1 

6 

0 

1 

1 

0 

7 

0 

1 

1 

1 

8 

1 

0 

0 

0 

9 

1 

0 

0 

1 

0 

1 

0 

1 

0 

* 

1 

0 

1 

1 

# 

1 

1 

0 

0 

A 

1 

1 

0 

1 

B 

1 

1 

1 

0 

C 

1 

1 

1 

1 

D 

0 

0 

0 

0 


DV 

DV signals a detection by going high after a valid tone pair is 
sensed and decoded at the output pins D1, D2, D4, and D8. 
DV remains high until a valid pause occurs. 

N/CPin 

This pin has no internal connection and should be left floating. 


DTMF Dialing Matrix 



COLO 

1209Hz 

COL1 

1336Hz 

COL 2 
1477Hz 

COL 3 
1633Hz 

ROWO 

697Hz 

m 

III 

m 

0 

ROW1 

770Hz 

0 

m 

m 

0 

ROW 2 
852Hz 

m 

m 

0 

0 

ROWS 

941Hz 

□ 

0 

0 

0 


NOTE: Column 3 is for special applications and is not normally used 
in telephone dialing. 


Digital Inputs and Outputs 

All digital inputs and outputs of the DTMF receivers are rep¬ 
resented by the schematic below. Only the “analog in” pin is 
different, and is described above. Care must be exercised 
not to exceed the voltage or current ratings on these pins as 
listed in the “maximum ratings” section. 


Vdd 



FIGURE 3. DIGITAL INPUTS AND OUTPUTS 
input Filter 

The CD22204 will tolerate total input noise of a maximum 
of 12dB below the lowest amplitude tone. For most 
telephone applications, the combination of the high 
frequency attenuation of the telephone line and Internal 
band limiting make special circuitry at the input to these 
receivers unnecessary. However, noise near the 56kHz 
internal sampling frequency will be aliased (folded back) 
into the audio spectrum, so if excessive noise is present 
above 28kHz, the simple RC filter shown below may be 
used to band limit the incoming signal. The cut off 
frequency is 3.9kHz. 


NOBY, ^ . 

ANALOG 

IN 

OnOOOHA 

SIGNAL ' 

! 


0.0015nF ; 

; >33kO 



L 1 


FIGURE 4. FILTER FOR USE IN EXTREME HIGH FREQUENCY 
INPUT NOISE ENVIRONMENT 
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Noise will also be reduced by placing a grounded trace 
around XIN and XOUT pins on the circuit board layout when 
using a crystal, it is important to note that XOUT is not 
intended to drive an additional device. XIN may be driven 
externally; in this case, leave XOUT floating. 

Timing Waveforms 


TONE BURST 1 |-^»ON 

ANALOcT ^ Bto NEBUROT2S 

INPUT I I I 



PARAMETER 

SYMBOL 

MIN 

TYP 

MAX 

UNITS 

Tone Time 

For Detection 

foN 

40 

- 

- 

ms 

For Rejection 

ioN 

- 

- 

20 

ms 

Pause Time 

For Detection 

k)FF 

40 

. 

- 

ms 

For Rejection 

fOFF 

- 

• 

20 

ms 

Detect Time 

b 

25 


46 

ms 

Release Time 

fR 

35 


50 

ms 

Data Setup Time 

tsu 

7 

- 

- 

ps 

Data Hold Time 

tH 

4.2 

- 

5 

ms 

Output Enable Time 

Cl = 50pF, Rl * 1kn 

“ 

- 

200 

300 

ns 

Output Disable Time 
Cl = 35pF, Rl « 500Q 

- 

- 

150 

200 

ns 


Output Rise Time 
Cl = 50pF 
Output Fail Time 
Cl = 50pF 


4-255 


WIRED 

COMMUNICARONS 









HAFWS 

SEMICONDUCTOR 

Monolithic Silicon COS/MOS 
January 1997 Duai-Tono Multlfrequency Tone Generator 

Features Description 

The CD22859 is a CMOS dual-tone multifrequency (DTMF) 
tone generator for use in dual-tone telephone dialing sys¬ 
tems. The device can easily be interfaced to a standard 
push-button telephone keyboard to provide enabling opera¬ 
tion directly with the telephone lines. 

The CD22859 generates standard DTMF sinusoidal dialing 
tones from an on-chip reference crystal oscillator. The refer¬ 
ence oscillator uses an inexpensive 3.579545MHz color TV 
crystal to create highly stable and accurate tones. The sinu¬ 
soidal tones are digitally synthesized by a stair-step approxi¬ 
mation. 

One of four low-frequency band row tones and one of four 
high-frequency band column tones are selected by driving 
one of the four row inputs and one of the four column inputs 
low. Simultaneous selection of more than one row input and/ 
or more than one column input will inhibit tone generation, or 
generate a single-tone sinusoid. These operating modes are 
described in the functional truth table. 

Control logic is included to allow easy interface to standard 
K500-type telephones. Two CMOS outputs (Tx, Rx) capable 
of driving external pnp receiver and transmitter muting tran¬ 
sistors are provided. A low input to the CD pin inhibits tone 
generation, turns off the reference oscillator and causes Tx 
and Rx outputs to go to logic ‘O’. During tone generation 
mode, CD = 1 and Tx, Rx = logic 1. 

The row, column and ^ inputs are provided with pull-up 
resistors to allow the use of SPST switch matrixes. 


Pinout 




CD22859 



(PDIP) 



TOP VIEW 


VdoE 


iHVoi/r 

tx(T 


jHCB 

5T[T 


igsT 

C5[4 



153 [? 



Vss [£ 



OSC1 [7 


^RX 

OSC2 U 


TJC? 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1C Handling Procedures. pjjg |s|umber 1257.3 

Copyright © Harris Corporation 1997 


• Mute Drivers On-Chip 

• Device Power can Either be Regulated DC or Telephone 
Loop Current 

• Use of an Inexpensive 3.579545MHz TV Crystal Provides 
High Accuracy and Stability for all Frequencies 

Applications 

• For Use In Dual-tone Telephone Dialing Systems 

Ordering Information 


PART NUMBER 

TEMP. 
RANGE (®C) 

PACKAGE 

PKG. 

NO. 

CD22859E 

-40 to 85 

16 Ld PDIP 

El 6.3 
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Absolute Maximum Ratings 


Thermal Information 


Supply Voltage (VpQ - Vss).-0.5 to 12V Maximum Junction Temperature.175°C 

Input Voltage.-0.5V to Vqq 0.5V Maximum Junction Temperature (Plastic).150°C 

Power Dissipation, Pq Maximum Storage Temperature Range.-65°C to 150°C 

Ta = -40°C to 60°C. 500mW Maximum Lead Temperature (Soldering 10s).300°C 

Ta = 60°C to 85°C.Derate Linearly at 1.2mW/0C to 200mW ^ ^ . 

Operating Conditions 

Power Dissipation Per Output.lOOmW 

Temperature Range.-40°C to 85°C 

CAUTION: Stresses above those listed in “Absoiute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications Ta = -25°C to eo^c, All voltages Referenced to Vss = OV 


PARAMETER 


DYNAMIC DC SUPPLY VOLTAGE 


Tone Generation Mode with Valid Input (Note 1) 


Non-Tone Generation (Note 2) 


DYNAMIC OPERATING CURRENT 


Tone Generation Mode 
(Outputs Unloaded) 


No Keydown Mode 


Input Pull-Up Current 


Input Low Voltage (ViJ Maximum 


Input Low Voltage (V|h) Minimum 


Electricai Specifications Ta = - 25 °c to 60°c 


PARAMETER 


STATIC TONE OUTPUTS (Ru = 820) 


VqI Dual-Tone Output 


Vo (Cl): Single-Tone Output, Column (Note 3) 


Vq (ROi Single-Tone Output, Row (Note 4) 


Distortion (Note 5) 


Rise and Fall Time (Dual-Tone Out) (Note 6) 


Pre-Emphasis (Note 7) 


Output Frequency (Note 8) 


Vdd(V) Vo(V) 


(Nom.-1%) (Nom.+1%) 
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Electrical Specifications Ta » -25°c to eo^c (Continued) 


PARAMETER 

Vdd(V) 

Vo(V) 

MIN 

MAX 

UNITS 

STATIC MUTE OUTPUT CURRENT 

Transmitter 

1.7 

1.2 

-0.5 

- 

mA 

Iqh (Source) 

10 

9.5 

-3.4 

- 

mA 

Iql (Sink) 

10 

2.5 

- 

10 

ma 

Receiver 

1.7 

1.2 

-0.5 

- 

mA 

Iqh (Source) 

10 

9.5 

-3.4 

- 

mA 

Iql (Sink) 

10 

2.5 

- 

10 

^lA 


NOTES: 

1. All logic and counters functional. 

2. Mute switches remain open. 

3. Two or more row Inputs low and one column Input low. 

4. Two or more column inputs low and one row input low. 

5. Distortion Is defined as: The ratio of all extraneous frequency components generated in the voiceband 0.5kHz to 3kHz, to the power of 
the dual-tone signal, measure across Rl. 




where Vi, V 2 _are extraneous frequency components in the voiceband 0.5kHz to 3kHz, Vj. is the low-band frequency tone, and 

Vh is the high-band frequency tone. 

6. Tone rise time is defined as the time for each of the 2 DTMF frequencies to attain 90% of full amplitude, measured from the time when a 
row and column signal are driven low. 

7. Pre-emphasis is the ratio of the high-group level to the low-group level. 

8. Refer to Figure 1 for standard DTMF frequencies. 

9. Corresponds to normal dual-tone operation. 

10. Corresponds to single-tone generation mode. 
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C0L1 COL 2 COLS COL4 


ROW1 □ □ 0 0 697(699.1) 

ROW 2 0 0 0 0 770(766.2) 

ROWS 0 0 0 0 852(847.4) 

ROW 4 |0 0 0 0 | | 941 (94 LO) 


-i NOMINAL 

1209 1SS6 1477 16SS OUTPUT 

(1215.9) (1S31.7) (1471.9) (1645.0) <<- FREQUENCY 


FIGURE 1. BELL AND NOMINAL OUTPUT FREQUENCIES (IN PARENTHESIS) FOR 3.579545MHz CRYSTAL 

DTMF GENERATOR FUNCTIONAL TRUTH TABLE 


INPUTS 



NUMBER OF 
COLUMN INPUTS 

NUMBER OF ROW 
INPUTS ACTIVATED 



OSC 


KEYBOARD MODE 

ACTIVATED “LOW” 

“LOW” 

CD 

TONE 

RUNNING 




“ 0 ” “ 0 ” 


“ 0 ” “ 0 ” 


Two or More Keys In 
Same Row 
(Note 10) 


Two or More Keys In 
Same Column 


Two or More Keys In 
Different Rows and 
Columns 


Where; 

X = Don’t Care 

Ra refers to Tone Output frequencies corresponding to Row 1, Row 2 , Row 3, Row 4; Cg refers to Tone Output frequencies corresponding 
to Column 1, Column 2, Column 3, Column 4. 

A=1,2,3,4 B=1,2,3,4 A = B,orA9tB 
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Functional Diagram 

Vdd 



D4 

FIGURE 2. INTERFACE WITH STANDARD K500 TELEPHONE NETWORK 
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HC-55564 


January 1997 


Features 

• All Digital 

• Requires Few External Parts 

• Low Power Drain: 1.5mW Typical From Single 3V To 
6V Supply 

• Time Constants Determined by Clock Frequency; 
No Calibration or Drift Problems: Automatic Offset 
Adjustment 

• Half Duplex Operation Under Digital Control 

• Filter Reset Under Digital Control 

• Automatic Overload Recovery 

• Automatic “Quiet” Pattern Generation 

• AGC Controi Signai Avaiiabie 

Applications 

• Voice Transmission Over Data Channels (Modems) 

• Voice/Data Multiplexing (Pair Gain) 

• Voice Encryption/Scrambiing 

• Voicemaii 

• Audio Manipuiations: Deiay Lines, Time Compression, 
Echo Generation/Suppression, Speciai Effects, etc. 

• Pagers/Sateiiites 

• Data Acquisition Systems 

• Voice i/O for Digitai Systems and Speech Synthesis 
Requiring Smaii Size, Low Weight, and Ease of 
Reprogrammability 

• Related Literature 

- AN607, Delta Modulation for Voice Transmission 


Continuously Variable 
Slope Delta-Modulator (CVSD) 


Description 

The HC-55564 is a half duplex modulator/demodulator CMOS 
intergrated circuit used to convert voice signals Into serial NRZ 
digital data and to reconvert that data Into voice. The conver¬ 
sion Is by delta-modulation, using the Continuously Variable 
Slope (CVSD) method of modulation/demodulation. 

While the signals are compatible with other CVSD circuits, the Inter¬ 
nal design is unique. The analog loop filters have been replaced by 
very low power digital filters which require no external timing compo¬ 
nents. This approach allows inclusion of many desirable features 
which would be difficult to implement using other approaches. 

The fundamental advantages of delta-modulation, along with its 
simplicity and serial data format, provide an efficient (low data 
rate/low memory requirements) method for voice digitization. 

The HC-55564 is usable from 9kblts/s to above 64kbps. See the 
Harris Military databook for a MIL-STD-883C compliant CVSD. 
Application Note 607. 


Ordering Information 


PART 

NUMBER 

TEMP. 
RANGE (<*C) 

PACKAGE 

PKG. NO. 

HC1-55564-2 

-55 to 125 

14 Ld CERDIP 

FI 4.3 

HC1-55564-5 

0to75 

14 Ld CERDIP 

F14.3 

HC1-55564-9 

-40 to 85 

14 Ld CERDIP 

FI 4.3 

HC3-55564-5 

0to75 

14 Ld PDIP 

El 4.3 

HC3-55564-9 

-40 to 85 

14 Ld PDIP 

E14.3 

HC9P55564-5 

0to75 

16 Ld Plastic SOIC (W) 

M16.15 

HC9P55564-9 

-40 to 85 

16 Ld Plastic SOIC (W) 

M16.15 


Pinouts 


HC-55564 
(PDIP, CERDIP) 
TOP VIEW 


HC-55564 
(SOIC) 
TOP VIEW 


Vdd[T 
ANALOG GND [? 

Aqut QI 
AGC |T 

Ain [I 

NC[? 

ncIT 


DIG OUT 

[2] DIG IN 
i]]APT 
i^ERC/DEC 
F| CLOCK 
sl DIG GND 


VddLL 

ANALOG GND [? 
Aqut [2 
AGC [4 

AIN [? 
NC [? 

NC [7 
NC r? 


g] DIG OUT 
i5]FZ 
^ DIG IN 

12|ERC/DEC 
13 CLOCK 
^ DIG GND 
71 NC 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1C Handling Procedures. 
Copyright © Harris Corporation 1997 a oet-t 
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HC'55564 


Absolute Maximum Ratings 

Thermal Information 


Voltage at Any Pin. 

.GND -0.3VtoVDD 0.3V 

Thermal Resistance (Typical, Note 1) 

1 

0 

J 

Maximum V^p Voltage. 

.?.0V 

CERDIP Package. 

?0 

Junction Temperature. 

. 1?5°C 

PDIP Package. 

85 

Operating Conditions 


SOIC Package. 

Maximum Junction Temperature (Plastic Package) 

98 

.150°C 

Temperature Range 

.0OCtO?5°C 

Maximum Storage Temperature Range. 

-65°C to 150°C 

HC-55564-5, -?. 

Maximum Lead Temperature (Soldering 10s). 

. 300°C 

HC-55564-9 . 

.-40°C to 85°C 

Die Characteristics 


HC-55564-2 . 

.- 55 OC to 125®C 


Operating Vqp. 

.3.0V to 6.0V 

Transistor Count. 

.189? 



Die Dimensions. 

.147x82 



Substrate Potential. 

.+Vdd 



Process. 

.BiMOSE 

CAUTION: Stresses above those listed in "Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 

j of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTE: 




1. Oja is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications 

Unless Otherwise Specified, typical parameters are at 25°C, Min-Max are over operating temperature 
ranges. Vqq = 5.0V, Sampling Rate = 16Kbps, AG = DG = OV. A|n = 1 .ZVr^s 


PARAMETER 


Sampling Rate 


Supply Current 


Logic ‘1’ Input 


Logic ‘0’ Input 


Logic ‘1’ Output 


Logic ‘0’ Output 


Clock Duty Cycle 


Audio Input Voltage 


Audio Output Voitage 


Audio input Impedance 


Audio Output impedance 


Transfer Gain 


SYMBOL 


CLK Note 1 


CONDITIONS 





Signal Estimate Filter Time 
Constant 


Enc Threshold 



AC Coupled (Note 4) 


AC Coupled (Note 5) 


Notes 


Note 6 


No Load, Audio In to Audio Out. 


Note? 


Note? 


AIN at 100Hz (Note 8), (Typ) 0.3% = ISmY^^s 


Note 9 


FZ = OV or APT = OV (Note 10) 


Note 11 


Note 12 



Minimum Step Size 


Quieting Pattern Amplitude 


AGC Threshold 


Clamping Threshold 


NOTES: 

2. There is one NRZ (Non-Return Zero) data bit per clock period. Data is clocked out on the negative clock edge. Data is clocked into the 
CVSD on the positive going edge (see Figure 2). Clock may be run at less than 9kbps and greater than 64kbps. 

3. Logic inputs are CMOS compatible at supply voltage and are diode protected. Digital data input is NRZ at clock rate. 

4. Logic outputs are CMOS compatible at supply voitage and will withstand short-circuits to Vqq or ground. Digital data output is NRZ and 
changes with negative clock transitions. Each output will drive one LS TTL load. 

5. Recommended voice input range for best voice performance. Should be externally AC coupled. 

6. May be used for side-tone in encode mode. Should be externally AC coupled. Varies with audio input level by ±2dB. 

?. Presents series impedance with audio signal. Zero signal reference is approximately Vop/Z. 

8. Note that filter time constants are inversely proportional to clock rate. Both filters approximate single pole responses. 

9. The minimum audio Input voitage above which encoding takes place. 

10. The minimum audio output voltage change that can be produced by the internal DAC. 

11 . Settled value, the “quieting” pattern or idle-channel audio output steps at one-half the bit rate, changing state on negative clock transitions. 

12. A logic “0” will appear at the AGC output pin when the recovered signal reaches one-half of full-scale value (positive or negative), i.e., at 
VDD/2±25%OfVDD- 

13. The recovered signal will be clamped, and the computation will be inhibited, when the recovered signal reaches three-quarters of full- 
scale value, and will unclamp when it fails below this value (positive or negative). 
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HC-SS564 


Pin Descriptions 


PIN NUMBER 
14 LEAD DIP 



Positive Supply Voltage. Voltage range is 3.0V to 6.0V. 


Analog Ground connection to D/A ladders and comparator. 


Audio Out recovered from 10-bit DAC. May be used as side tone at the transmitter. Presents 
approximately 150kO source with DC offset of Vqd/ 2. Within ±2dB of Audio Input. Should be ex¬ 
ternally AC coupled. 


Automatic Gain Control output. A logic low level will appear at this output when the recovered 
signal excursion reaches one-half of full scale value. In each half cycle full scale is Vqq/ 2. The 
mark-space ratio is proportional to the average signal level. 


Audio Input to comparator. Should be externally AC coupled. Presents approximately 280kQ in 
series with VDiy2. 


No internal connection is made to these pins. 


Logic ground. OV reference for all logic inputs and outputs. 


Sampling rate clock. In the decode mode, must be synchronized with the digital input data such 
that the data is valid at the positive clock transition. In the encode mode, the digital data is clocked 
out on the negative going clock transition. The clock rate equals the data rate. 


A single CVSD can provide half-duplex operation. The encode or decode function is selected by the 
logic level applied to this input. A low level selects the encode mode, a high level the decode mode. 


Alternate Plain Text input. Activating this input caused a digital quieting pattern to be transmitted, how¬ 
ever; internally the CVSD is still functional and a signal Is still available at the Aqut Active low. 


Input for the received digital NRZ data. 


Force Zero input. Activating this input resets the internal logic and forces the digital output and the 
recovered audio output into the “quieting” condition. An alternating 1-0 pattern appears at the 
digital output at 1/2 the clock rate. When this Is decoded by a receive CVSD, a 10mVp.p Inaudible 
signal appears at audio output. Active low. 


Digital Out Output for transmitted digital NRZ data. 


14. No active input should be left in a “floating condition." 


Functional Diagram (dip pin Numbers shown) 


( 12 ) 

DIGITAL 0 
IN 



COMPARATOR 


(11) (13) FORCE (9) (8) Dierr*, 

SPTTJZPO T clock 9™°™'- 


RESET!—I , 
— 


3BfT 

SHIFT 

REGISTER 


r (2) 
ANALOG 
GND 


(3)Aout 

(SIDE TONE) 


I SIGNAL 
” ESTIMATE ' 
FILTER 1 msec 


6 I DIGITAL I 
MODULATOR * 
±1 


SYLLABIC 
' FILTER ' 
Ams 


(4)A00OUT 
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HC-SS564 



CVSD Hookup for Evaluation 

The circuit in Figure 3 is sufficient to evaluate the voice qual¬ 
ity of the CVSD, since when encoding, the feedback signal at 

the audio output pin is the reconstructed audio input signal. 

CVSD design considerations are as follows: 

1. Care should be taken in layout to maintain isolation 
between analog and digital signal paths for proper noise 
consideration. 

2. Power supply decoupling is necessary as close to the 
device as possible. A 0.1pF should be sufficient. 

3. Ground, then power, must be present before any input sig¬ 
nals are applied to the CVSD. Faiiure to observe this may 
cause a latchup condition which may be destructive. 
Latchup may be removed by cycling the power off/on. A 
power-up reset circuit may be used that strobes Force 
Zero (Pin 13) during power-up as follows: 

4. Analog (signal) ground (Pin 2) should be externally tied to 
Digital GND (Pin 8) and power supply ground. It is recom¬ 
mended that the A|fg and Aqut ground returns connect 
only to Pin 2. 


5. Digital inputs and outputs are compatible with standard 
CMOS logic using the same supply voltage. All unused 
logic inputs must be tied to the appropriate logic level for 
desired operation, it is recommended that unused inputs 
tied high be done so through a pull-up resistor (1k£2 to 
10kt2). TTL outputs will require Ikh pull-up resistors. Pins 
4 and 14 will each drive CMOS logic or one low power TTL 
input. 

6. Since the Audio Out pins are internally DC biased to VQiy2, 
AC coupling is required. In general, a value of 0.1 p.F is suffi¬ 
cient for AC coupling of the CVSD audio pins to a fiiter circuit. 

7. The AGC output may be externaliy integrated to drive an 
AGC pre-amp, or it could drive an LED indicator through a 
buffer to indicate proper speaking volume. 

Q Vdd 
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HC-55564 


Figures 4, 5, and 6 illustrate the typical frequency clock rate. The flat bandwidth at OdB doubles for every 

response of the HC-55564 for varying input levels and for doubling in sampling rate. The output levels were mea- 

varying sampling rates. To prevent slope overload (slew sured in the encode mode, without filtering, from to 

limiting), the OdB boundary should not be exceeded. The Aqut. at Vdd = 5V. OdB = 1.2Vrms- 

frequency response is directly proportional to the sampling 



100 1000 10000 


INPUT FREQUENCY AT A|n (Hz) 
RGURE4. lekbps 



INPUT FREQUENCY AT A|n (Hz) 
FIGURE 5. 32kbp8 



100 1000 10000 


INPUT FREQUENCY AT A|n (Hz) 
FIGURE 6. 64kbp8 
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HC-SSS64 


The following typical performance distortion graphs were and 3rd harmonic distortion, an HP-3582A spectrum 
realized with the test configuration of Figure 7. The analyzer. All measurement conditions were at VpD = 5V, and 
measurement vehicle for Total Harmonic Distortion (THD) 2nd and 3rd harmonic distortion measurements were C- 
was an HP-339A distortion measurement set, and for 2nd message filtered. OdB = 1.2VpM5. 


0.33^F HC-W564 


1 PEC/ 10 

ENC 

' ^ ^ DGND 

AOND —' 


HP3582A 

SPECTRUM 

ANALYZER 

ORHP339A 

DISTORTION 

ANALYZER 



INPUT SIGNAL LEVEL (dB) 


FIGURE 7. TEST AND MEASUREMENT CIRCUIT 


FIGURE 8. CVSD SIGNAL LEVEL vs TOTAL HARMONIC 
DISTORTION 


CVSD INPUT LEVEL vs 2ND AND 3RD HARMONIC DISTORTION 
C-MESSAGE WEIGHTED 


CVSD SIGNAL TO 2ND AND 3RD HARMONIC DISTORTION 
C-MESSAGE WEIGHTED 


I INPUT 

-201 FREQUENCY 1kHz . 


16kHz CLOCK 



INPUT SIGNAL LEVEL (dB) 

FIGURE 9A. 


INPUT FREQUENCY (Hz) 
FIGURE 10A. 


CVSD INPUT LEVEL vs 2ND AND 3RD HARMONIC DISTORTION 
C-MESSAGE WEIGHTED 



INPUT SIGNAL LEVEL (dB) 

FIGURE SB. 


CVSD SIGNAL TO 2ND AND 3RD HARMONIC DISTORTION 
C-MESSAGE WEIGHTED 



1000 2000 3000 

INPUT FREQUENCY (Hz) 
FIGURE 10B. 


CVSD INPUT LEVEL vs 2ND AND 3RD HARMONIC DISTORTION 
C-MESSAGE WEIGHTED 


CVSD SIGNAL TO 2ND AND 3RD HARMONIC DISTORTION 
C-MESSAGE WEIGHTED 




INPUT SIGNAL LEVEL (dB) 

FIGURE 9C. 


INPUT FREQUENCY (Hz) 
FIGURE IOC. 


FIGURE 9. CVSD INPUT LEVEL vs 2ND AND 3RD HARMONIC 
DISTORTION 


FIGURE 10. CVSD INPUT FREQUENCY vs 2ND AND 3RD 
HARMONIC DISTORTION 
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STANDARD PRODUCTS 


PAGE 


Standard Products Selection Guides 

Data Acquisition Selection Guide. 5-4 

Linear Selection Guide. 5-5 

Digital Signal Processing Selection Guide. 5-7 

Power MOSFET Selection Guide. 5-9 

Data Acquisition Data Sheets - D/A Converters 

HI5721 10-Bit, 125 MSPS High Speed D/A Converter. 5-11 

HI5731 12-Bit, 100 MSPS High Speed D/A Converter. 5-12 

HI5741 14-Bit, 100 MSPS High Speed D/A Converter. 5-13 

HI5780, CXD2306 10-Bit, 80 MSPS High Speed, Low Power D/A Converter. 5-14 

HI20201, CX20201-1, 10-Bit, 160 MSPS Ultra High-Speed D/A Converter. 5-15 


CX20202-1 

Data Acquisition Data Sheets - A/D Converters 

HI5703 10-Bit, 40 MSPS A/D Converter. 5-16 

HI571OA, CXD231OA 10-Bit, 20 MSPS A/D Converter. 5-17 

HI5746 10-Bit, 40 MSPS A/D Converter. 5-18 

HI5766 10-Bit, 60 MSPS A/D Converter. 5-19 

HI5800 12-Bit, 3 MSPS Sampling A/D Converter. 5-20 

HI5804 12-Blt, 5 MSPS A/D Converter. 5-21 

HI5805 12-Bit, 5 MSPS A/D Converter. 5-22 

HI5808 12-Bit, 10 MSPS A/D Converter. 5-23 
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standard Products (continued) 


PAGE 

Linear Data Sheets 

CA3045, CA3046 General Purpose NPN Transistor Arrays. 5-24 

CA3081, CA3082 General Purpose High Current NPN Transistor Arrays. 5-25 

CA3083 General Purpose High Current NPN Transistor Array.. 5-26 

CA3086 General Purpose NPN Transistor Array. 5-27 

CA3096, CA3096A. NPN/PNP Transistor Arrays. 5-28 

CA3096C 

CA3127 High Frequency NPN Transistor Array. 5-29 

CA3146, CA3146A, High-Voltage Transistor Arrays. 5-30 

CA3183, CA3183A 

CA3227, CA3246 High-Frequency NPN Transistor Arrays For Low-Power Applications 

at Frequencies Up to 1.5GHz... 5-31 

HFA1100, HFA1120 850MHz, Low Distortion Current Feedback Operational Amplifiers. 5-32 

H FA1102 600MHz Current Feedback Amplifier with Compensation Pin. 5-33 

HFA1110 750MHz, Low Distortion Unity Gain, Closed Loop Buffer. 5-34 

HFA1112 850MHz, Low Distortion Programmable Gain Buffer Amplifier. 5-35 

HFA1113 850MHz, Low Distortion, Output Limiting, Programmable Gain, Buffer Amplifier. 5-36 

HFA1114 850MHz Video Cable Driving Buffer. 5-37 

HFA1130 850MHz, Output Limiting, Low Distortion Current Feedback Operational Amplifier.. 5-38 

HFA3046, HFA3096, Ultra High Frequency Transistor Arrays. 5-39 

HFA3127, HFA3128 

HFA3101 Gilbert Cell UHF Transistor Array. 5-40 

HFA3102 Dual Long-Tailed Pair Transistor Array. 5-41 

HFA3600 Low-Noise Ampllfier/MIxer. 5-42 

Digital Signal Processing Data Sheets 

HSP43124 Serial I/O Filter. 5-43 

HSP43168 Dual FIR Filter. 5-44 

HSP43216 Halfband Filter. 5-45 

HSP43220 Decimating Digital Filter. 5-46 

HSP45102 12-Blt Numerically Controlled Oscillator. 5-47 

HSP45106 16-Bit Numerically Controlled Oscillator. 5-48 

HSP45116 Numerically Controlled Oscillator/Modulator. 5-49 

HSP45116A Numerically Controlled Oscillator/Modulator. 5-50 
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PAGE 


HSP50016 Digital Down Converter. 5-51 

HSP50110 Digital Quadrature Tuner. 5-52 

HSP50210 Digital Costas Loop. 5-53 

HSP50214 Programmable Downconverter. 5-54 

HSP50306 Digital QPSK Demodulator. 5-55 

HSP50307 Burst QPSK Modulator. 5-56 

Power MOSFET Data Sheets 


RF1K49086 3.5A, 30V, Avalanche Rated, Dual N-Channel LIttleFETTM 

Enhancement Mode Power MOSFET. 5-57 

RF1K49088 3.5A, 30V, Avalanche Rated, Logic Level, Dual N-Channel LittleFET^'^ 

Enhancement Mode Power MOSFET. 5-58 

RF1K49090 3.5A, 12V, Avalanche Rated, Logic Level, Dual N-Channel LittleFETTw 

Enhancement Mode Power MOSFET. 5-59 

RF1K49092 3.5A/2.5A, 12V, Avalanche Rated, Logic Level, Complementary LittleFET^w 

Enhancement Mode Power MOSFET. 5-60 


RF1K49093 2.5A, 12V, Avalanche Rated, Logic Level, Dual P-Channel LittleFET™ 

Enhancement Mode Power MOSFET. 5-61 

RF1K49154 2A, 60V, ESD Rated, Avalanche Rated, Dual N-Channel LlttleFETTw 

Enhancement Mode Power MOSFET. 5-62 

RF1K49156 6.3A, 30V, Avalanche Rated, Logic Level, Single N-Channel LlttleFET^'^ 

Enhancement Mode Power MOSFET. 5-63 

RF1K49157 6.3A, 30V, Avalanche Rated, Single N-Channel LittleFET™ 

Enhancement Mode Power MOSFET. 5-64 


AN9640 '‘Glossary of Communication Terms” (32 pages) is not included in this data book, but is available on the net at 
http://www.semLharrl8.com/appnote8/an9640/ and Harris AnswerFAX (407-724-7800) document # 99640. 


LittleFET™ is a trademark of Harris Corporation. 
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A/D CONVERTERS 


PART 

NO. 

DESCRIPTION 

RESO¬ 

LUTION 

(BITS) 

CONVER¬ 
SION RATE 
(MIN)(MSPS) 

BAND¬ 

WIDTH 

(MHz) 

SINAD 

ATf,N 

(dB) 

DIFF. 

GAIN 

(%) 

DIFF. 

PHASE 

(DEG.) 

POWER 

DISSIPATION 

(mW) 

LOGIC 

TYPE 

SUPPLY 

VOLTAGE 

(V) 

FWCKAGE 

OPTIONS 

TEMP. 

RANGE 

(NOTE 1) 
AnswerFAX®** 
DOC# 

(NOTE 2) 

EVAL 

BOARD 

HI5710A 

Low Power, Power 
Down 

10 

20 

100 

54 at 
3MHz 

1 

0.3 

140 

CMOS/ 

TTL 

5/3.3 

PQFP 

C 

3921 

Yes 

HI5746 

Low Power, High 
Speed 

10 

40 

100 

56.0 at 
10MHz 

0.5 

0.1 

225 

JTU 

CMOS 

5/3 

SOIC 

C 

4129 

Yes 

HI5703 

Low Power, High 
Accuracy 

10 

40 

250 

55.3 at 
10MHz 

0.5 

0.1 

400 

TTL 

5/3.3 

SOIC 

c 

3950 

Yes 

HI5766 

Low Power, High 
Speed 

10 

60 

100 

52.0 at 
10MHz 

0.5 

0.1 

315 

TTL/ 

CMOS 

5/3 

SOIC 

c 

4130 

Yes 

HI5800 

12-Bit A/D Conver¬ 
sion System, V-Ref 

12 

3 

20 

68 at 
1MHz 

0.9 

0.05 

1800 

CMOS/ 

TTL 

5/-5 

CDIP, 

PLCC 

c.l 

2938 

Yes 

HI5804 

Low Power 

12 

5 

100 

64 at 
1MHz 

n/a 

n/a 

300 

TTL/ 

CMOS 

5/3 

SOIC 

c 

4026 

Yes 

HI5805 

Low Power, High 
Performance 

12 

5 

100 

68 at 
1MHz 

n/a 

n/a 

300 

TTL/ 

CMOS 

5/3 

SOIC 

■ 

3984 

Yes 

HI5808 

Low Power, High 
Performance, V-Ref 

12 

10 

100 

67 at 
1MHz 

n/a 

n/a 

300 

TTL/ 

CMOS 

5/3 

SOIC 

■ 

4233 

Yes 


D/A CONVERTERS 


P/N 

DESCRIPTION 

RESO¬ 

LUTION 

(BITS) 

UPDATE 

RATE 

(MHz) 

GLITCH 

AREA 

(pV-s) 

INL 

(LSB 

MAX) 

DNL 

(LSB 

MAX) 

SETTLING 

TIME 

(ns) 

POWER 

DISSIPATION 

(mW) 

LOGIC 

TYPE 

SUPPLY 

VOLTAGE 

(V) 

PACKAGE 

OPTIONS 

TEMP. 

RANGE 

(NOTE 1) 

AnswerFAX®“ 

DOC# 

(NOTE 2) 

EVAL 

BOARD 

HI5780 

10-Blt Low Power 
DAC 

10 

80 

40 

2.0 

0.5 

6 

100 

CMOS/ 

TTL 

5 

MQFP 

C 

4024 

Yes 

HI5721 

10-Bit Communi¬ 
cations DAC 

10 

125 

1.5 

1.5 

1.0 

4.5 

700 

CMOS/ 

TTL 

5/-5.2 

PDIP, 

SOIC 

■ 

3949 

Yes 

HI20201 

Voltage Output, 
75Q Drive 
Capability 

10 

160 

15 

■ 

0.5 

5.2 

420 

ECL 

-5.2 

PDIP. 

SOIC 

c 

3581 

Yes 

HI5731 

12-Bit Communi¬ 
cations DAC 

12 

100 

3.0 

1.5 

1.0 

20 

650 

CMOS/ 

TTL 

5/-5.2 

PDIP, 

SOIC 

■ 

4070 

Yes 

HI5741 

14-Bit Communi¬ 
cations DAC 

14 

100 

7.5 

1.5 

1.0 

25 

650 

CMOS/ 

TTL 

5/-5.2 

PDIP, 

SOIC 

■ 

4071 

Yes 


NOTES: 

1. For complete data sheets by fax, call Harris AnswerFAX®*''’ at (407) 724-7800 and enter this document number. 


2. Evaluation board part number is base part number plus -EV suffix. (Example: HI5703-EV) 


Data Acquisition Seiection Guide 
















































































































































































































HIGH PERFORMANCE OP AMPS AND BUFFERS 


P/N 

(NOTE 3) 

ARCHI¬ 

TECTURE 

DESCRIPTION 

-3dB 

BANDWIDTH 

ATMIN.Acl 

(MHz) 

SLEW 

RATE 

(V/ps) 

SET¬ 
TLING 
TIME 
(ns TO 
0.1%) 

MIN. 

Acl 

(V/V) 

DIFF. 

GAIN 

(%) 

DIFF. 

PHASE 

(DEG.) 

OFFSET 

VOLT. 

(mV) 

BIAS 

CURRENT 

(pA) 

OUTPUT 

CURRENT 

(mA) 

SUPPLY 

RANGE 

(±Vdc) 

SUPPLY 

CURRENT 

(mA/A) 

(NOTE 5) 

AnswerFAX®** 

DOC# 

(NOTE 6) 

EVAL 

BOARD 

SINGLE 

HFA1100 

CFB 

850MHz Op Amp 

850 

2300 

11 

1 

0.03 

0.05 

2 

12 

60 

4.5 to 
5.5 

21 

2945 


HFA1120 

CFB 

850MHz Op Amp 
with Balance 
Adjust 

850 

2300 

11 

■ 

0.03 

0.05 

2 

12 

60 

4.5 to 
5.5 

21 

2945 


HFA1130 

CFB 

850MHz Op Amp 
with Output 
Limiting 

850 

2300 

11 

■ 

0.03 

0.05 

2 

12 

60 

4.5 to 
5.5 

21 

3369 


HFA1112 

BUF 

850MHz Prog. 
Gain (+2, ±1) 
Buffer 

850 

2400 

11 

±1,+2 

0.02 

0.04 

8 

25 

60 

4.5 to 
5.5 

21 

2992 


HFA1113 

BUF 

850MHz Prog. 
Gain and Output 
Limiting 

850 

2400 

13 

±1,+2 

0.02 

0.04 

8 

25 

60 

4.5 to 
5.5 

21 

1342 


HFA1114 

BUF 

850MHz Prog. 
Gain Cable 

Driver 

850 

2400 

11 

±1,+2 

0.02 

0.04 

8 

25 

60 

4.5 to 
5.5 

21 

3151 


HFA1110 

BUF 

750MHz Unity 
Gain Buffer 

750 

1300 

11 

1 

0.04 

0.025 

8 

10 

60 

4.5 to 
5.5 

21 

2944 

B 

HFA1102 

CFB 

600MHz Op Amp 
with 

Compensation 

600 

2000 

11 

1 

0.03 

0.03 

2 

12 

60 

4.5 to 
5.5 

21 

3597 

■ 


NOTES: 

3. Architecture: CFB = Current Feedback, BUF = Buffer. 


4. Typical values at 25^C unless otherwise specified. 

5. For complete data sheets by fax, call Harris AnswerFAX^^ at (407) 724-7800 and enter this document number. 

6. Order evaluation board P/N (PDIP only): A = HFA1 tXXEval, B = HFA11 tOEval. 
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Linear Selection Guide 


TRANSISTOR ARRAYS 


PART 

NUMBER CONFIGURATION 


CA3046 


CA3081 NPN - 7, Common emitter 


CA3082 NPN - 7, Common collector 


(NOTE 7) 

AnswerFAX®'^ 

DOC# 


CA3083 


CA3086 NPN - 5, Diff Amp + 3 


CA3096 NPN - 3, PNP - 2 


CA3127 



CA3146 NPN-5, Diff Pair+ 3 


CA3183 NPN-5 


CA3227 NPN - 5 


CA3246 NPN - 5, Diff Amp + 3 


HFA3046 NPN - 5, Diff Amp +3 


HFA3096 NPN - 3, PNP - 2 


HFA3127 NPN-5 


HFA3128 PNP-5 


PART 

NUMBER 


HFA3101 Gilbert Cell Mixer 


WIRELESS BUILDING BLOCKS 



(NOTE 7) 

AnswerFAX®^ 

PACKAGE DOC # 


GBP = 10GHz, hpE = 70,3, 5dB Noise Figure 8, SOIC, T&R 3663 


HFA3102 Dual Long Tailed Pair GBP = 10GHz, hpg = 70, 3, 5dB Noise Figure 14, SOIC, T&R 3635 


HFA3600 LNA/Mixer 


Noise Figure 3.97dB at 900MHz, 19.8dB Power 14, SOIC, T&R 3655 

Gain, -16.7dBm Intercept 


7. For complete data sheets by fax, call Harris AnswerFAX®*^ at (407) 724-7800 and enter this document number. 
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DIGITAL FILTERS 


PART 

NUMBER 

DESCRIPTION 

MAX 

ATTENUATION 

(dB) 

CLOCK 

(MHz) 

FILTER 

TAPS 

DATA 

(BITS) 

COEFFICIENT 

(BITS) 

DECIMATION 
FILTER LENGTH 

pP 

INTERFACE 

PACKAGE 

TYPE 

(NOTE 8) 

AnswerFAX®^ 

DOC# 

HSP43168 

Dual FIR 

60 

45 

16 

10 

10 or 20 

1 to 16 

Standard 

PLCC, MQFP, 
PGA 

2808 

HSP43220 

Digital Decimating 

96 

33 

512 

16 

20 

Up to 16,384 

Standard 

MQFP, PGA 

2486 

HSP43216 

Halfband 

90 

52 

67 

16 

20 


Standard 

PLCC, MQFP, 
PGA 

3365 

HSP43f24 

Serial I/O 

140 

45 

Up to 
256 

24 

32 

1 to 256 

Standard 

PDIP, SOIC 

3555 


SIGNAL SYNTHESIS 


PART 

NUMBER 

DESCRIPTION 

CLOCK (MHz) 

SIZE 

RANGE 

RESOLUTION 

OUTPUT 

MODULATION 

TECHNIQUES 

pP 

INTERFACE 

PACKAGE 

TYPE 

(NOTE 8) 

AnswerFAX®** 

DOC# 

HSP45102 

Oscillator (NCO) 

40 

12 

69 

0.009 

12 sin 

QPSK, FSK 

Standard 

PDIP, SOIC 

2810 

HSP45106 

Oscillator (NCO) 

33 

16 

90 

<0.008 

16 sin/cos 

FM, PSK, FSK 

Standard 

PLCC, PGA 

2809 

HSP45116 

Oscillator/Modulator 

(NCOM) 

25 

16 

90 

<0.008 

20 sin/cos 

AM, FM, PSK, 
FSK, QAM 

Standard 

MQFP, PGA 

2485 

HSP45116A 

Oscillator/Modulator 

(NCOM) 

52 

16 

90 

<0.013 

20 sin/cos 

AM, FM, PSK, 
FSK, QAM 

Standard 

MQFP 

4156 


NOTE: 

8. For complete data sheets by fax, call Harris AnswerFAX^*^ at (407) 724-7800 and enter this document number. 
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DOWN CONVERSION AND DEMODULATION 


PART 

NUMBER 

DESCRIPTION 

CLOCK 

(MHz) 

DATA 

(BITS) 

DECIMATION 

FACTORS 

FREQUENCY 

SELECTIVITY 

(Hz) 

STOPBAND 
ATTENUATION (dB) 

PASSBAND 
RIPPLE (dB) 

PACKAGE 

TYPE 

(NOTE 9) 
AnswerFA)^** 
DOC# 

HSP50016 

Digital Down 
Converter 

75 

16 

64-131,072 

<0.009 

104 

<0.04 

PLCC, PGA 

3288 

HSP50214 

Programmable 
Down Converter 

52 

14 

4 -16,384 

0.013 

lOOdB 


MQFP 

4266 


PART 

NUMBER 

DESCRIPTION 

INPUT 

SAMPLE 

RATES 

(MSPS) 

DATA 

(BITS) 

DECIMATION 

FACTORS 

FREQUENCY 

SELECTIVITY 

(Hz) 

AUTOMATIC 

GAIN 

CONTROL 

OUTPUT 

FORMAT 

RLTERING 

CARRIER 

TRACKING 

SYMBOL 

TRACKING 

(NOTE 9) 

AnswerFAX®“ 

DOC# 

HSP50110 

SATCOM Modem 

52 

10 (Real or 

1 - 4096 

<.013 

Yes 

1, Q, ISoft, 

RRC 

Yes 

Yes 

3651 

and 

Chip Set 


Complex) 




QSoft 

(a « 0.4) or 



and 

HSP50210 








Integrate and 



3652 









Dump 




HSP50110 

Digital Quadrature 

52 

10 (Real or 

1 -4096 

<.013 

Yes 

I.Q 

Third Order 

Yes 

N/A 

3651 


Tuner 


Complex) 





CIC 





PART 

NUMBER 

DESCRIPTION 

CLOCK 

(MSPS) 

DATA (BITS) 

MODULATION 

TECHNIQUES 

CARRIER 
TRACKING IF 
FREQUENCY 

4-TAP 

ADAPTIVE 

EQUAUZER 

CARRIER 

RECOVERY 

LOOP 

SYMBOL 

TRACKING 

PACKAGE 

TYPE 

(NOTE 9) 

AnswerFAX®'^ 

DOC# 

HSP50306 

Digital QPSK 
Denrxxjlulator 

2.048 

6 

QPSK 

10.7MHz 

Yes 

Yes 

Yes 

SOIC 

4162 


PART 

NUMBER 

DESCRIPTION 

DATA RATE 

MODULATION 

TECHNIQUES 

PROGRAMMABLE 

CARRIER 

FREQUENCY 

FILTER 

SYNTHESIZER 

OUTPUT 

POWER 

PACKAGE 

TYPE 

(NOTE 9) 

AnswerFAX®“ 

DOC# 

HSP50307 

QPSK Burst 

256 KBPS 

QPSK 

8 - 15MHz 

RRC (a = 0.5) 

Yes 

22 - 62dBmV 

SOIC 

4219 


NOTE: 

9. For complete data sheets by fax, call Harris AnswerFAX®^ at (407) 724-7800 and enter this document number. 


Digital Signal Processing Selection Guide 











































































































Power MOSFET Selection Guide 


N-CHANNEL MOSFETs 







5-9 


STANDARD 

PRODUCTS 

























































SEMICONDUCTOR 


January 1997 








HI5721 


Features 

• 125 MSPS Throughput Rate 

• Low Power - 700mW 

• 1.5 LSB Integral Linearity Error 

• Low Glitch Energy - 1.5pV-s 

• TTL/CMOS Compatible Inputs 

• Improved Hold Time - 0.5ns 

• Excellent Spurious Free Dynamic Range 

• Improved Second Source for the AD9721 

Applications 

• Wireless Communications 

• Direct Digital Frequency Synthesis 

• Signal Reconstruction 

• HDTV 

• Test Equipment 

• High Resolution Imaging Systems 

• Arbitrary Waveform Generators 


it, 125 MSPS High Speed D/A Converter 


The HI5721 is a 10-bit 125 MSPS high speed D/A converter. 
The converter incorporates a 10-bit input data register with 
quadrature data logic capability, and current outputs. The 
HI5721 features low glitch energy and excellent frequency 
domain specifications. 


Ordering Information 


PART 

NUMBER 

TEMP. 
RANGE (®C) 

PACKAGE 

PKG. 

NO. 

HI5721BIP 

-40 to 85 

28 Ld PDIP (600 mil) 

E28.6 

H15721BIB 

-40 to 85 

28 Ld SOIC (W) 

M28.3 

HI5721-EVP 

25 

Evaluation Board (PDIP) 

HI5721-EVS 

25 

Evaluation Board (SOiC) 


Pinout 


HI5721 
(PDIP, SOiC) 
TOP VIEW 


D9 (MSB) [T 
D8[2 
D7[3 
D6[7 
D5[5 
D4[T 
D3[7 
D2[? 
D1 [T 
DO (LSB) 
CLOCK Qi 
NCQ2 
INVERT Qa 

VccQf 


2gDGND 
^DVee 
^ CTRL AMP IN 
25| REF OUT 
2^ CTRL AMP OUT 
2^ REF IN 
^AVee 

13»OOT 

^ loUT 
ARTN 
AGND 

53 Rset 
I^DVee 
ISI DGND 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1C Handling Procedures. 
Copyright © Harris Corporation 1997 _ . 
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Features 

• 100 MSPS Throughput Rate 

• Low Power. 

• 0.75 LSB Integral Linearity Error 

• Low Glitch Energy. 

• TTL/CMOS Compatible Inputs 

• Improved Hold Time. 

• Excellent Spurious Free Dynamic Range 

Applications 

• Cellular Base Stations 

• GSM Base Stations 

• Wireless Communications 

• Direct Digital Frequency Synthesis 

• Signal Reconstruction 

• Test Equipment 

• High Resolution Imaging Systems 

• Arbitrary Waveform Generators 


£-Bit, 100 MSPS High Speed D/A Converter 


Description 

The HI5731 Is a 12-bit, 100 MSPS D/A converter which is 
^ Implemented in the Harris BICMOS 10V (HBC-10) process. 
^ Operating from +5V and -5.2V, the converter provides 
-20.48mA of full scale output current and includes an input 
data register and bandgap voltage reference. Low glitch 
.3.0pV-s energy and excellent frequency domain performance are 
achieved using a segmented architecture. The digital inputs 
are TTL/CMOS compatible and translated internally to ECL. 
!5ns All Internal logic is implemented in ECL to achieve high 
switching speed with low noise. The addition of laser trim¬ 
ming assures 12-bit linearity is maintained along the entire 
transfer curve. 

Ordering Information 


PART NUMBER 

TEMP. 
RANGE (®C) 

PACKAGE 

PKG. NO. 

HI5731BIP 

-40 to 85 

28 Ld PDIP 

E28.6 

HI5731BIB 

-40 to 85 

28 Ld SOIC 

M28.3 

HI5731-EVP 

25 

Evaluation Board (PDIP) 

HI5731-EVS 

25 

Evaluation Board (SOIC) 


Pinout 


HI5731 
(PDIP, SOIC) 
TOP VIEW 


Dll (MSB) |T 
DIO [ 2 ] 
D9[2 
D8|T 

D 7 QI 
D6[6 
D5|7 
D4[T 
D3[9 
D2[lG 
D1 [Ti 
DO (LSB) |12 
NC[l3 
NClti 


2^ DGND 
2^ AGND 
2^ REF OUT 
H CTRL OUT 
^ CTRL IN 

URset 
Havee 
13 'out 

g ARTN 

I3dvee 

DGND 
I^DVcc 
m CLOCK 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1C Handling Procedures. 
Copyright © Harris Corporation 1997 _ . _ 
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T4-Bit, 100 MSPS High Speed D/A Converter 


Features 

• 100 MSPS Throughput Rate 

• Low Power - 650mW 

• 1.0 LSB Integral Linearity Error 

• Low Glitch Energy - 1.0pV-s 

• TTiyCMOS Compatible inputs 

• Improved Hold Time - 0.25ns 

• Excellent Spurious Free Dynamic Range 

Applications 

• Cellular Base Stations 

• Wireless Communications 

• Direct Digital Frequency Synthesis 

• Signal Reconstruction 

• Test Equipment 

• High Resolution Imaging Systems 

• Arbitrary Waveform Generators 


Description 

The HI5741 is a 14-bit, 100 MSPS D/A converter which is 
implemented in the Harris BiCMOS 10V (HBC-10) process. 
Operating from +5V and -5.2V, the converter provides 
20.48mA of full scale output current and includes an input 
data register and bandgap voltage reference. Low glitch 
energy and excellent frequency domain performance are 
achieved using a segmented architecture. The digital inputs 
are TTL/CMOS compatible and translated Internally to ECL. 
All internal logic is implemented in ECL to achieve high 
switching speed with low noise. The addition of laser trim¬ 
ming assures 14-bit linearity is maintained along the entire 
transfer curve. 

Ordering Information 


PART NUMBER 

TEMP. 
RANGE (°C) 

PACKAGE 

PKQ. 

NO. 

HI5741BIP 

-40 to 85 

28 Ld PDIP 

E28.6 

HI5741BIB 

-40 to 85 

28 Ld SOIC 

M28.3 

HI5741-EVS 

25 

Evaluation Board (SOIC) 


Pinout 


D13(MSB)[T 
D12|T 
D11 [2 
DIO [7 
D9[T 
D8[? 
D7^ 

D6[7 

D5[T 
D4[^ 
D3|li 
D2[l2 
D1 [13 
DO (LSB) 


HI5741 
(PDIP, SOIC) 
TOP VIEW 


2^ DGND 
2^ AGND 
^ REF OUT 
2^ CTRL AMP OUT 
2^ CTRL AMP IN 

S^Rset 
Havee 
13 •out 
13 «oot 

l| ARTN 
gOVEE 
DGND 
^DVcc 
Til CLOCK 


CAUTION: These devices are sensitive to eiectrostatic discharge. Users shouid foiiow proper 1C Handiing Procedures. 
Copyright © Harris Corporation 1997 _ . - 
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Features 
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Me 


• 80 MSPS Throughpul^a^ 

• Low Power-150mW 

• ±0.5 LSB Differential Linearity Error 

• TTL/CMOS Compatible Inputs 

• Built in Bandgap Voltage Reference 

• Power Down and Blanking Control Pins 

Applications 

• Wireless Communications 

• Direct Digital Frequency Synthesis 

• Signal Reconstruction 

• Test Equipment 

• High Resolution Imaging and Graphics Systems 

• Arbitrary Waveform Generators 


)-Bit, 80 MSPS High Speed, 
Low Power D/A Converter 


Description 

The HI5780, CXD2306 is a 10-bit 80MHz high speed, iow 
power D/A converter. The converter incorporates a 10-bit input 
data register with current outputs. The HI5780, CXD2306 
includes a power down feature that reduces power consump¬ 
tion and a blanking control. The on-chip bandgap reference can 
be used to set the output current range of the D/A. 


Ordering Information 


PART 

NUMBER 

HI5780JCQ, 

CXD2306Q 


TEMP. 

RANGE (^C) PACKAGE PKG. NO. 
-20 to 75 32 Ld MQFP Q32.7x7-S 


I Evaluation Kit 



CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1C Handling Procedures. 
Copyright © Harris Corporation 1997 _ . . 
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HI20201, CX20201-1, 

CX20202-1 


January 1997 




10-Bit, 160 MSPS 
Ultra High-Speed D/A Converter 


Features 

• 160 MSPS Throughput Rate 

• 10-Bit (HI20201, CX20201-1, CX20202-1) Resolution 

• 0.5 LSB Differential Linearity Error 

• Low Glitch Noise 

• Analog Multiplying Function 

• Low Power Consumption 420mW 

• Evaluation Board Available 

Applications 

• Wireless Communications 

• Signal Reconstruction 

• Direct Digital Synthesis 

• High Definition Video Systems 

• Digital Measurement Systems 

• Radar 


Pinout 

HI20201, CX20201-1, CX20202-1 
(PDIP, SOIC) 

TOP VIEW 


(MSB) D9 |J_ 

db[^ 

D7\± 
D6|T 
D5 [£ 
D4|T 
D3|T 
D2[T 
D1 |T 
(LSB) DO 1^ 

nc[iT 

NC [12 
CLK R 


2gAVss 
H Vref 
H AVee 
^ NC 
^ NC 

m NC 

^ NC 
^ NC 

H'OUT 
^ NC 

Havss 
13 DVss 

^ COMPL 

isIdVee 


Description 

The HI20201, CX20201-1, CX20202-1 is a 160MHz ultra high 
speed D/A converter. The converter is based on an R/2R 
switched current source architecture that includes an input data 
register with a complement feature and is Emitter Coupled 
Logic (ECL) compatible. 

The HI20201, CX20201-1, CX20202-1 is a 10-bit accurate 
D/A with a linearity error of 1 LSB. 

The HI20201, CX20201-1, CX20202-1 is available in a com¬ 
mercial temperature range and are offered in a 28 lead plas¬ 
tic SOIC (300 mil) and a 28 lead plastic DIP package. 

Ordering information 


PKG. NO. 
M28.3A-S. 


PART 

TEMP. 


NUMBER 

RANGE (^C) 

PACKAGE 

HI20201JCB, 

CX20201A-1 

-20 to 75 

28 Ld SOIC 

HI20201JCP, 

CX20202A-1 

-20 to 75 

28 Ld PDIP 

HI20201-EV 

25 

Evaluation Kit 


Typical Applications Circuit 

HI20201, CX20201-1, CX20202-1 


D9 (MSB) (1) 
D8(2) 

(28)AVss 

D7(3) 

D6(4) 

D5(5) 

(27)Vref 

D4(6) 

D3(7) 

D2(8) 

D1(9) 

DO (LSB) (10) 
(11) 

(26)AVee 

(12) 

(20) lour 

(18,19, 21-25) NC 

CD? (13) 

(17)DVss 

CLK (14) 

(16) COMPL 

(15)DVee 


|TL431CP 

-5.2V 


75n COAX CABLE 
6/A6ut7 


CAUTION; These devices are sensitive to electrostatic discharge. Users should follow proper 1C Handling Procedures. 
Copyright © Harris Corporation 1997 _ . 
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Features 




• 40 MSPS Sampling Rate 

• 8.55 Bits Guaranteed at f|N = 10MHz 

• Low Power 

• Wide 250MHz Full Power Input Bandwidth 

• On Chip Sample and Hold 

• Fully Differential or Single-Ended Analog Input 

• Single +5V Supply Voltage 

• TTL Compatible Interface 

• 3.3V Digital Outputs Available 

• Evaluation Board Available (HI5703EVAL) 

Applications 

• Professional Video Digitizing 

• Medicai imaging 

• Digitai Communication Systems 

• High Speed Data Acquisition 

• Additional Reference Documents 

- AN9534 Using the Hi5703 Evaiuation Board 

- AN9413 Driving the Anaiog input of the Hi5702 

- AN9214 Using Harris High Speed A/D Converters 


10-Bit, 40 MSPS A/D Converter 


Description 

The HI5703 is a monolithic, 10-blt, analog-to-digital converter 
fabricated in Harris’s BICMOS process. It is designed for high 
speed applications where wide bandwidth and low power 
consumption are essential. Its 40 MSPS speed is made 
possible by a fully differential pipeline architecture with an 
internal sample and hold. 

The HI5703 has excellent dynamic performance while 
consuming only 400mW power at 40 MSPS. Data output 
latches are provided which present valid data to the output bus 
with a latency of 7 clock cycles. It is pin-to-pin compatible with 
the HI5702. 


Ordering Information 


RANGE (°C) 


HI5703KCB 

0to70 

28 Ld SOIC (W) 

M28.3 

HI5703EVAL 

25 

Evaiuation Board 



Typical Application Schematic 


ViN+ T\j ( 

CLOCK “L-( 


CAUTION: These devices are sensitive to electrostatic discharge. Users shouid foiiow proper iC Handiing Procedures. 
Copyright © Harris Corporation 1997 _ .« 


Vref+(7) 

Vref-(8) 

(LSB) (28) DO 

AGND (12) 

(27) D1 
(26) D2 

AGND (6) 

(25) D3 

DGND (2) 

(24) D4 
(20) D5 

DGND (21) 

(19) D6 

DGND (4) 

(18) D7 

(17)D8l 
(MSB) (16) Dsl 

V|N+(») 

(1) DVcci 

Vdc(11) 

(3)DVcci 

V,N-(10) 

(23)DVcc2 

CLK(22) 

(13)AVcc 

DFS(15) 

(5)AVcc 

(51(14) 



DGND AGND 


© 


lOpF AND 0.1 pF CAPS 
ARE PLACED AS CLOSE 
TO PART AS POSSIBLE 


^O.IpF^IOpF 


O.lpF rtlOpF 


.. v.i(Ar -j. 

V V 
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mmA, CXD2310A 


10-Bit, 20 MSPS A/D Converter 


Features 

• Resolution 10-Blt ±0.5 LSB(DNL) 

• Maximum Sampling Frequency 20 MSPS 

• Low Power Consumption ISOmW (Reference Current 
Excluded) 

• Standby Mode Power 5mW 

• No Sample and Hold Required 

• TTL Compatible Inputs 

• Three-State TTL Compatible Outputs 

• Single -i-SV Analog Power Supply 

• Single -I-3.3V or +5V Digital Power Supply 

Applications 

• Video Digitizing - Multimedia 

• Data Communications 

• Image Scanners 

• Medical Imaging 

• Video Recording Equipment 

• Camcorders 

• QAM Demodulation 


Description 

The HI5710A, CXD2310A is a low power, 10-bit, CMOS 
analog-to-digital converter. The use of a 2-step architecture 
realizes low power consumption, 150mW, and a maximum 
conversion speed of 20MHz with only a 3 clock cycle data 
latency. The HI5710A, CXD2310A can be powered down, 
disabling the chip and the digital outputs, reducing power to 
less than 5mW. A built-in, user controllable, calibration circuit 
is used to provide low linearity error, 1 LSB. The low power, 
high speed and small package outline make the HI5710A, 
CXD2310A an ideal choice for CCD, battery, and high 
channel count applications. 

The HI5710A, CXD2310A does not require an external sam¬ 
ple and hold but requires an external reference and includes 
force and sense reference pins for increased accuracy. The 
digital outputs can be inverted, with the MSB controlled sep¬ 
arately, allowing for various digital output formats. The 
HI5710A, CXD2310A includes a test mode where the digital 
outputs can be set to a fixed state to ease in-circuit testing. 

Ordering Information 


PART NO. 

HI5710AJCQ, 

CXD2310AR 


TEMP. 
RANGE (®C) 

0to75 


PACKAGE 

48LdMQFP 


PKG. NO. 

Q48.7X7-S 



CAUTION: These devices are sensitive to eiectrostatic discharge. Users should follow proper 1C Handling Procedures. 
Copyright © Harris Corporation 1997 
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HI5746 


10-Bit, 40 MBPS A/D Converter 


Features 

• 40 MSPS Sampling Rate 

• 8.8 Bits at f||s| s 10MHz 

• Low Power 225mW at 40 MSPS 

• Wide 250MHz Full Power input Bandwidth 

• On Chip Sampie and Hold 

• Fuliy Differential or Singie-Ended Analog Input 

• Single +5V Supply Voltage 

• TTiyCMOS Compatible Digital Inputs 

• 3.0/5.0V CMOS Compatible Digital Outputs 

• Offset Binary or Two’s Complement Output Format 

Applications 

• Professional Video Digitizing 

• Medical Imaging 

• Digital Communication Systems 

• High Speed Data Acquisition 


Pinout 


Description 

The HI5746 is a monolithic, 10-bit, analog-to-digital 
converter fabricated in a CMOS process. It is designed for 
high speed applications where wide bandwidth and low 
power consumption are essential. Its 40 MSPS speed is 
made possible by a fully differential pipelined architecture 
with an internal sample and hold. 

The H15746 has excellent dynamic performance while 
consuming only 225mW power at 40 MSPS. Data output 
latches are provided which present valid data to the output 
bus with a latency of 7 clock cycles. It is pin-for-pin 
functionally compatible with the HI5702 and the HI5703. 

Ordering Information 


PART 

NUMBER 


HI5746EVAL1 


TEMP. 
RANGE (°C) 


HI5746 (SOIC) 
TOP VIEW 


DVcci U- 
DGND1 U 
DVcciH 

DGND1 \± 

AVccE 

AGND [l 
VREF+ E 
Vref-E 
V|N+E 

ViN-Efi 
Vdc EI 
AGND 01 
AVccEI 

oeOi 


28 Ld SOIC (W) 
Evaluation Board 


26| D2 
M D3 
2^ D4 

H DVcc2 

H CLK 
ll] DGND2 
m D5 
jH D6 
is D7 

III D8 

m D9 
HI DFS 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1C Handling Procedures. 
Copyright © Harris Corporation 1997 _ - ^ 
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HI5766 


10-Bit, 60 MBPS A/D Converter 




Features 

• 60 MSPS Sampling Rate 

• 8.3 Bits at f|N=: 10MHz 

• Low Power 260mW at 60 MSPS 

• Wide 250MHz Full Power Input Bandwidth 

• On Chip Sample and Hold 

• Fully Differential or Single-Ended Analog input 

• Single +5V Supply Voltage 

• TTL/CMOS Compatible Digital Inputs 

• 3.0/5.0V CMOS Compatible Digital Outputs 

• Offset Binary or Two’s Complement Output Format 

Applications 

• Professional Video Digitizing 

• Medical Imaging 

• Digital Communication Systems 

• High Speed Data Acquisition 


Pinout 


Description 

The HI5766 is a monolithic, 10-bit, analog-to-digital 
converter fabricated in a CMOS process. It is designed for 
high speed applications where wide bandwidth and low 
power consumption are essential. Its 60 MSPS speed is 
made possible by a fully differential pipelined architecture 
with an internal sample and hold. 

The H15766 has excellent dynamic performance while 
consuming only 260mW power at 60 MSPS. Data output 
latches are provided which present valid data to the output 
bus with a latency of 7 clock cycles. It is pin-for-pin 
functionally compatible with the H15702, H15703 and the 
HI5746. 

Ordering Information 

PART TEMP. PKG. 

NUMBER RANGE (^^C) PACKAGE NO. 


HI5766EVAL1 


0to70 28LdSOIC(W) 

25 Evaluation Board 


HI5766(SOiC) 
TOP VIEW 


DVcci D. 
DGND 

OVcci E 
ognd[Z 
AVccE 

AGND d 
Vref+ tZ 
Vref- E 
V|N+E 
Vin-ES 
VocE 

AGND E 

AVccE 

oeE 


^ D2 
^ D3 
^ D4 

^ DVcc2 

^ CLK 
ii] DGND 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
Copyright © Harris Corporation 1997 
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HI5800 


Features 

• 3 MSPS Throughput Rate 

• 12-Bit, No Missing Codes Over Temperature 

• 1.0 LSB integrai Linearity Error 

• Buffered Sampie and Hoid Ampiifier 

• Precision Voitage Reference 

• ±2.5V input Signal Range 

• 20MHz Input BW Allows Sampling Beyond Nyquist 

• Zero Latency/No Pipeline Delay 

• Evaluation Board Available 

Applications 

• High Speed Data Acquisition Systems 

• Medical Imaging 

• Radar Signal Analysis 

• Document and Film Scanners 

• Vibration/Waveform Spectrum Analysis 

• Digital Servo Control 


3 MSPS Sampling A/D Converter 


Description 

The HI5800 is a monolithic, 12-blt, sampling Analog-to- 
Dlgitai Converter fabricated In the HBC10 BiCMOS process, 
it is a complete subsystem containing a sample and hold 
ampiifier, voitage reference, two-step subranging A/D, error 
correction, control logic, and timing generator. The H15800 is 
designed for high speed applications where wide bandwidth, 
accuracy and low distortion are essential. 

Ordering Information 


PART 

NUMBER 

LINEARITY 

TEMP. 

RANGE 

(®C) 

PACKAGE 

PKG. 

NO. 

HiSSOOBID 

±1 LSB 

-40 to 85 

40 Ld SBDIP 

D40.6 

HI5800JCD 

±2 LSB 

0to70 

40 Ld SBDIP 

D40.6 

HI5800KCD 

±1 LSB 




HI5800-EV 


25 

Evaluation Board 


Pinout 


REF,n E 
ROadj E 
RGadj E 

AVccE 

REFout E 

V,nE 

AGND E 
ADJ+ E 
ADJ- E 
AVee E 
AVcc E 

AGND Qi 

AVee in 
AO Qi 

CSQs 
Ql|j6 
CONV E 
DVEEQi 

DGND m 
DVcc m 


Hi5800 
(SBDIP) 
TOP VIEW 


38) AVcc 
m Dll (MSB) 

n]Dio 

njDo 

m|D8 

njDVcc 

niDGND 

3^ AGND 

HaVee 

^D7 


^ DO (LSB) 

la AVcc 


CAUTION; These devices are sensitive to electrostatic discharge. Users should follow proper 1C Handling Procedures. 
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5 : 5 *- s '"'\ H15804 

12-Bit, 5 MSPS A/D Converter 


Features 

• 5 MSPS Sampling Rate 

• Low Power 

• Internal Sample and Hold 

• Fully Differential Architecture 

• 100MHz Full Power Input Bandwidth 

• Low Distortion 

• Internal Reference 

• TTL/CMOS Compatible Digital I/O 

• 3V to 5V Digital Outputs 

Applications 

• High Speed Data Acquisition Systems 

• Digital IF Communication Systems 

• Document and Film Scanners 

• Medical Imaging 

• Radar Signal Analysis 

• Vibration/Waveform Spectrum Analysis 

• Digital Servo Loop Control 

• Reference Literature 

- AN9214 Using Harris High Speed Converters 


Pinout 


CLKU. 

DVcciH 
DQND1 |T 

DVcciE 

DGND1 [? 
AVcc E 
AQND [l 

Vw+E 
VwE 
VpcES 
VroUT Qi 
VrinEI 
AGND El 
AVccOi 


Description 

The HI5804 is a monolithic, 12-blt, Analog-to-DIgital 
Converter fabricated in Harris’ HBC10 BiCMOS process, it is 
designed for high speed, high resolution applications where 
wide bandwidth and low power consumption are essential. 

The H15804 is designed In a fully differential pipelined 
architecture with a front end differentlal-in-differential-out 
sample-and-hold (S/H). The HI5804 has excellent dynamic 
performance while consuming 300mW power at 5 MSPS. 

The 100MHz full power input bandwidth is ideal for 
communication systems and document scanner 
applications. Data output latches are provided which present 
valid data to the output bus with a latency of 3 clock cycles. 
The digital outputs have a separate supply pin which can be 
powered from a 3.0V to 5.0V supply. 

Ordering Information 


PART 

NUMBER 

SAMPLE 

RATE 

TEMP. 
RANGE (<>0) 

PACKAGE 

PKG. 

NO. 

HI5804KCB 

5 MSPS 

0to70 

28 Ld SOIC 

M28.3 


HI5804 
(SOIC) 
TOP VIEW 


^ D4 
2i| D5 

m DVcc2 

2l] DGND2 
^ D6 
Til D7 
Til D8 
T3 D9 
Til DIO 
Til Dll 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1C Handling Procedures. 
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SEMICONDUCTOR 


January 1997 
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Features 

• 5 MSPS Sampling Rate 

• Low Power 

• Internal Sample and Hold 

• Fully Differential Architecture 

• 100MHz Full Power Input Bandwidth 

• Low Distortion 

• Internal Voltage Reference 

• TTL/CMOS Compatible Digital I/O 

• 5V to 3.0V Digital Outputs 

Applications 

• Digital Communication Systems 

• Undersampling Digital IF 

• Document Scanners 

• Additional Reference Documents 

- AN9214 Using Harris High Speed A/D Converters 


12-Bit, 5 MSPS A/D Converter 


Description 

The HI5805 is a monolithic, 12-bit, Analog-to-Digital 
Converter fabricated In Harris’ HBC10 BiCMOS process. It is 
designed for high speed, high resolution applications where 
wide bandwidth and low power consumption are essential. 

The HI5805 is designed in a fully differential pipelined 
architecture with a front end differential-ln-differentlal-out 
sample-and-hold (S/H). The H15805 has excellent dynamic 
performance while consuming 300mW power at 5 MSPS. 

The 100MHz full power input bandwidth is ideal for commu¬ 
nication systems and document scanner applications. Data 
output latches are provided which present valid data to the 
output bus with a latency of 3 clock cycles. The digital out¬ 
puts have a separate supply pin which can be powered from 
a 3.0V to 5.0V supply. 

Ordering Information 


PART 

NUMBER 

SAMPLE 

RATE 

TEMP. 
RANGE (°C) 

PACKAGE 

PKG. 

NO. 

HI5805BIB 

5 MSPS 

-40 to 85 

28 Ld SOIC (W) 

M28.3 

HI5805EVAL1 

25 

Evaluation Board 


Pinout 


Hi5805 (SOIC) 
TOP VIEW 


clk[T 
DVcci E 
^GNDI E 

DVcci E 

Dqndi E 
aVccE 
AgndE 
V,n^E 
Vin-E 

VdcEI 
VroUT Hi 

vrin Ei 
agnd Ei 

AVccEi 


22| DVcc 2 
ill Dqnd2 

2^ D6 
m D7 
^ D8 
IZl D9 
16| DIO 
Dll 


CAUTION: These devices are sensitive to electrostatic discharge. Users shouid foiiow proper 1C Handiing Procedures. 
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HI5808 








October 1S^ ’^, ^/ja 


Features 

• 10 MSPS Sampling Rate 

• Low Power 

• Internal Sample and Hold 

• Fully Differential Architecture 

• 100MHz Full Power input Bandwidth 

• Low Distortion 

• Internal Voltage Reference 

• TTL/CMOS Compatible Digital I/O 

• 5V to 3.0V Digital Outputs 

Applications 

• Digital Communication Systems 

• Undersampiing Digital IF 

• Document Scanners 

• Additional Reference Documents 

- AN9214 Using Harris High Speed A/D Converters 


12-Bit, 10 MSPS A/D Converter 


Description 

The HI5808 is a monolithic, 12-bit, Analog-to-DIgital 
Converter fabricated in Harris’ HBC10 BiCMOS process. It is 
designed for high speed, high resolution applications where 
wide bandwidth and low power consumption are essential. 

The H15808 is designed in a fully differential pipelined 
architecture with a front end differential-in-differential-out 
sample-and-hold (S/H). The HI5808 has excellent dynamic 
performance while consuming 325mW power at 10 MSPS. 

The 100MHz full power input bandwidth is ideal for commu¬ 
nication systems and document scanner applications. Data 
output latches are provided which present valid data to the 
output bus with a latency of 3 clock cycles. The digital out¬ 
puts have a separate supply pin which can be powered from 
a 3.0V to 5.0V supply. 

Ordering Information 


PART 

NUMBER 

SAMPLE 

RATE 

TEMP. 
RANGE (^^C) 

PACKAGE 

PKG. 

NO. 

HI5808BIB 

10 MSPS 

-40 to 85 

28 Ld SOIC 

M28.3 


Pinout 


HI5808 
(SOIC) 
TOP VIEW 


DVcci [2 
Dqndi |T 
DVcci E 
Dqndi E 

AVcc E 

Aqnd E 
V|N+ E 
V|N- E 
VdC Eo 
VroUT El 
Vrin El 
AgND El 
AVcc Ei 


22| DVcc2 
iU Dgnd2 

2^ D6 
Ti| D7 
ill D8 
irl D9 
lH DIO 
ill Dll 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
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CA3045, CA3046 


November 1996 pie 


Features I ^ 

• TWO Matched Transistors"'^"'^ 

- Vbe Match..±5mV 

- l|o Match.2)xA (Max) 

• Low Noise Figure....3.2dB (Typ)at 1kHz 

• 5 General Purpose Monolithic Tyanslstors 

• Operation From DC to 120MHz 

• Wide Operating Current Range 

• Full Military Temperature Range 

Applications 

• Three Isolated Transistors and One Differentially 
Connected lYansistor Pair for Low Power Applications 
at Frequencies from DC Through the VHF Range 

• Custom Designed Differential Amplifiers 

• Temperature Compensated Amplifiers 

• See Application Note, AN5296 “Application of the 
CA3018 Integrated-Circuit Transistor Array” for 
Suggested Applications 




General Purpose NPN 
Transistor Arrays 


Description 

The CA3045 and CA3046 each consist of five general 
purpose silicon NPN transistors on a common monolithic 
substrate. Two of the transistors are internally connected to 
form a differentially connected pair. 

The transistors of the CA3045 and CA3046 are well suited to 
a wide variety of applications in low power systems in the DC 
through VHF range. They may be used as discrete transis¬ 
tors in conventional circuits. However, in addition, they 
provide the very significant inherent integrated circuit 
advantages of close electrical and thermal matching. 

Ordering Information 


PART NUMBER 
(BRAND) 

TEMP. 
RANGE (^C) 

PACKAGE 

PKG. 

NO. 

CA3045 

-55 to 125 

14 Ld SBDIP 

D14.3 

CA3045F 

-55 to 125 

14 Ld CERDIP 

FI 4.3 

CA3046 

-55 to 125 

14LdPDIP 

El 4.3 

CA3046M 

(3046) 

-55 to 125 

14 Ld SOIC 

M14.15 

CA3046M96 

(3046) 

-55 to 125 

14 Ld SOIC Tape 
and Reel 

M14.15 


Pinout 


CA3045, (CERDIP, SBDIP) 
CA3046(PDIP,SOIC) 
TOP VIEW 


DIFFERENTIAL , 
PAIR 



CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1C Handling Procedures. 
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:^A3081, CA3082 


November'^ 996 


General Purpose High Current 
NPN Transistor Arrays 


Features 

• CA3081 - Common Emitter Array 

• CA3082 - Common Collector Array 

• Directly Drive Seven Segment incandescent Displays 
and Light Emitting Diode (LED) Display 

• 7 Transistors Permit a Wide Range of Applications in 
Either a Common Emitter (CA3081) or Common Col¬ 
lector (CA3082) Configuration 

• High Ic. 100mA (Max) 

• Low Vcesat (fit 50mA).0.4V (Typ) 

Applications 

• Drivers for 

- Incandescent Display Devices 

- LED Displays 

- Relay Control 

• Thyristor Firing 


Pinouts 


CA3081 

COMMON EMITTER CONFIGURATION 
(PDIP, CERDIP, SOiC) 

TOP VIEW 


Description 

CA3081 and CA3082 consist of seven high current (to 
100mA) silicon NPN transistors on a common monolithic 
substrate. The CA3081 is connected in a common emitter 
configuration and the CA3082 is connected in a common 
collector configuration. 

The CA3081 and CA3082 are capable of directly driving 
seven segment displays, and light emitting diode (LED) dis¬ 
plays. These types are also well suited for a variety of other 
drive applications, including relay control and thyristor firing. 

Ordering information 


PART NUMBER 
(BRAND) 

TEMP. 
RANGE (^’C) 

PACKAGE 

PKG. 

NO. 

CA3081 

-55 to 125 

16 Ld PDIP 

El 6.3 

CA3081F 

-55 to 125 

16 Ld CERDIP 

FI 6.3 

CA3081M 

(3081) 

-55 to 125 

16 Ld SOIC 

M16.15 

CA3081M96 

(3081) 

-55 to 125 

16 Ld SOIC Tape 
and Reel 

M16.15 

CA3082 

-55 to 125 

16 Ld PDIP 

El 6.3 

CA3082F 

-55 to 125 

16 Ld CERDIP 

FI 6.3 

CA3082M 

(3082) 

-55 to 125 

16 Ld SOIC 

M16.15 

CA3082M96 

(3082) 

-55 to 125 

16 Ld SOIC Tape 
and Reel 

M16.15 


CA3082 

COMMON COLLECTOR CONFIGURATION 
(PDIP, CERDIP, SOIC) 

TOP VIEW 





CAUTION; These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
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-£gn CA3083 

eSec'**®* W-- 

General Purpose High Current 
NPN Transistor Array 


Features 

• Highic. 100mA (Max) 

• Low VcE sat (at 50mA).0.7V (Max) 

• Matched Pair (Qf and Q 2 ) 

' Vio (Vbe Match). ±5mV(Max) 

- llo(atlmA). 2.5pA(Max) 

• 5 Independent Transistors Plus Separate Substrate 

Connection 

Applications 

• Signal Processing and Switching Systems Operating 
from DC to VHP 

• Lamp and Relay Driver 

• Differential Amplifier 

• Temperature Compensated Amplifier 

• Thyristor Firing 

• See Application Note AN5296 “Applications of the 
CA3018 Circuit Transistor Array” for Suggested 
Applications 


Description 

The CA3083 is a versatile array of five high current (to 
100mA) NPN transistors on a common monolithic substrate. 
In addition, two of these transistors (Qi and Q 2 ) are 
matched at low current (i.e., 1mA) for applications in which 
offset parameters are of special importance. 

Independent connections for each transistor plus a separate 
terminal for the substrate permit maximum flexibility in circuit 
design. 

Ordering Information 


PART NUMBER 
(BRAND) 

TEMP. 
RANGE (^C) 

PACKAGE 

PKG. 

NO. 

CA3083 

-55 to 125 

16 Ld PDIP 

El 6.3 

CA3083F 

-55 to 125 

16 Ld CERDIP 

FI 6.3 

CA3083M 

(3083) 

-55 to 125 

16 Ld SOIC 

M16.15 

CA3083M96 

(3083) 

-55 to 125 

16 Ld SOIC Tape 
and Reel 

M16.15 


Pinout 


CA3083 

(PDIP, CERDiP, SOIC) 
TOP VIEW 



CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1C Handling Procedures. 
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CA3086 

General Purpose NPN 
Transistor Array 


Applications 


• Three Isolated Transistors and One Differentially 
Connected Transistor Pair For Low-Power Applications 
from DC to 120MHz 

• General-Purpose Use in Signal Processing Systems 
Operating in the DC to 190MHz Range 

• Temperature Compensated Ampiifiers 

• See Application Note, AN5296 “Application of the 
CA3018 Integrated-Circuit Transistor Array” for 
Suggested Applications 


Ordering Information 


PART NUMBER 
(BRAND) 

CA3086 

CA3086M 

(3086) 

CA3086M96 

(3086) 

CA3086F 


TEMP. 
RANGE (®C) 

PACKAGE 

PKG. 

NO. 

-55 to 125 

14 Ld PDIP 

El 4.3 

-55 to 125 

14 Ld SOIC 

M14.15 

-55 to 125 

14 Ld SOIC Tape 
and Reel 

M14.15 

-55 to 125 

14 Ld CERDIP 

FI 4.3 


Description 

The CA3086 consists of five general-purpose silicon NPN 
transistors on a common monolithic substrate. Two of the 
transistors are internally connected to form a differentially 
connected pair. 

The transistors of the CA3086 are well suited to a wide vari¬ 
ety of applications In low-power systems at frequencies from 
DC to 120MHz. They may be used as discrete transistors in 
conventional circuits. However, they also provide the very 
significant inherent advantages unique to integrated circuits, 
such as compactness, ease of physical handling and ther¬ 
mal matching 


Pinout 


CA3086 

(PDiP, CERDIP, SOIC) 

TOP VIEW 



CAUTION: These devices are sensitive to eiectrostatic discharge. Users shouid foliow proper 1C Handiing Procedures. 
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'A3096, CA3096A, 
CA3096C 

NPN/PNP Transistor Arrays 


Applications 

• Five-Independent Transistors 

- Three NPN and 

- TWoPNP 

• Differential Amplifiers 

• DC Amplifiers 

• Sense Amplifiers 

• Level Shifters 

• Timers 

• Lamp and Relay Drivers 

• Thyristor Firing Circuits 

• Temperature Compensated Amplifiers 

• Operational Amplifiers 


Ordering Information 


PART NUMBER 
(BRAND) 

TEMP. 
RANGE (®C) 

PACKAGE 

PKG. 

NO. 

CA3096AE 

-55 to 125 

16 Ld PDIP 

El 6.3 

CA3096AM 

(3096A) 

-55 to 125 

16 Ld SOIC 

M16.15 

CA3096AM96 

(3096A) 

-55 to 125 

16 Ld SOIC Tape 
and Reel 

M16.15 

CA3096CE 

-55 to 125 

16 Ld PDIP 

El 6.3 

CA3096E 

-55 to 125 

16 Ld PDIP 

El 6.3 

CA3096M 

(3096) 

-55 to 125 

16 Ld SOIC 

M16.15 

CA3096M96 

(3096) 

-55 to 125 

16 Ld SOIC Tape 
and Reel 

M16.15 


Pinout 


CA3096, CA3096A, CA3096C 
(PDIP, SOIC) 

TOP VIEW 



Description 

The CA3096C, CA3096, and CA3096A are general purpose 
high voltage silicon transistor arrays. Each array consists of 
five independent transistors (two PNP and three NPN types) 
on a common substrate, which has a separate connection. 
Independent connections for each transistor permit maxi¬ 
mum flexibility in circuit design. 

Types CA3096A, CA3096, and CA3096C are identical, except 
that the CA3096A specifications include parameter matching 
and greater stringency in Iobo» Iceo Vce(SAT). The 
CA3096C is a relaxed version of the CA3096.To type this 
body text, simply triple click this paragraph and begin typing. 
The paragraph tag for this area is called body. 


CA3096, CA3096A, CA3096C 
Essential Differences 


CHARACTERISTIC 

CA3096A 

CA3096 

CA3096C 

V(bR)CEO (V) (Min) 

NPN 

35 

35 

24 

PNP 

-40 

-40 

-24 

V(BR)CBO (V) (Min) 

NPN 

45 

45 

30 

PNP 

-40 

-40 

-24 

hpE at 1 mA 

NPN 

150-500 

150-500 

100-670 

PNP 

20-200 

20-200 

15-200 

hpEat lOOpA 

PNP 

40-250 

40-250 

30-300 

ICBO (i^A) (Max) 

NPN 

40 

100 

100 

PNP 

-40 

-100 

-100 

ICEO ('^A) (Max) 

NPN 

100 

1000 

1000 

PNP 

-100 

-1000 

-1000 

Vcesat(V) (Max) 

NPN 

0.5 

0.7 

H 


5 




5 

- 

- 

II,ol (pA) (Max) 

NPN 

0.6 

_ 

. 

PNP 

0.25 

- 

- 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1C Handling Procedures. pj |0 Number 595.3 
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CA3127 


Features 

• Gain Bandwidth Product (fr).>1GHz 

• Power Gain.30dB (Typ) at 100MHz 

• Noise Figure.3.5dB (Typ) at 100MHz 

• Five Independent Transistors on a Common Substrate 

Applications 

• VHF AmpinietB 

• Multifunction Combinations - RF/Mixer/Osclllator 

• Sense Amplifiers 

• Synchronous Detectors 

• VHF Mixers 

• IF Converter 

• IF Amplifiers 

• Synthesizers 

• Cascade Amplifiers 


High Frequency NPN Transistor Array 


Description 

The CA3127 consists of five generai purpose siiicon NPN 
transistors on a common monolithic substrate. Each of the 
completely isolated transistors exhibits low 1/f noise and a 
value of fj in excess of 1GHz, making the CA3127 useful 
from DC to 500MHz. Access is provided to each of the termi¬ 
nals for the individual transistors and a separate substrate 
connection has been provided for maximum application flexi¬ 
bility. The monolithic construction of the CA3127 provides 
close electrical and thermal matching of the five transistors. 

Ordering Information 


PART 

NUMBER 

(BRAND) 

TEMP. 
RANGE C*C) 

PACKAGE 

PKG. 

NO. 

CA3127E 

-55 to 125 

16 Ld PDIP 

El 6.3 

CA3127M 

(3127) 

-55 to 125 

16 Ld SOIC 

M16.15 

CA3127M96 

(3127) 

-55 to 125 

16 Ld SOIC Tape and Reel 

M16.15 


Pinout 


CA3127 
(PDIP, SOIC) 
TOP VIEW 



CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1C Handling Procedures. 
Copyright © Harris Corporation 1996 _ -q 


File Number 662.3 


STANDARD 

PRODUCTS 







August 199^ 


SEMICONDUCT 6 H : 

,' ' '' ^' 4 , 

v>-;;:;:-;4::;;r:-^t:5 - 


QA3146, CA3146A, 
0A3183, CA3183A 

High-Voltage Transistor Arrays 


Features 

• Matched General Purpose Transistors 

- Vbe Match. .±5mV (Max) 

• Operation from DC to 120MHz (CA3146, CA3146A) 

• Low Noise Figure.3.2dB (CA3146, CA3146A) 

• High Ic.... 75mA (Max) (CA3183, CA3183A) 

Applications 

• Generai Use in Signai Processing Systems in DC through 
VHF Range 

• Custom Designed Differentiai Ampiifiers 

• Temperature Compensated Ampiifiers 

• Lamp and Reiay Drivers (CA3183, CA3183A) 

• Thyristor Firing (CA3183, CA3183A) 

Ordering Information 

PART number! temp. PKG. 

(BRAND) RANGE (<>C) PACKAGE NO. 

CA3146AE ^40to 85 14Ld PDiP E14.3 

CA3146AM -40 to 85 14 Ld SOIC Ml 4.15 

(3146A) _ 

CA3146AM96 -40 to 85 14 Ld SOIC Tape and Reel M14.15 

(3146A) _ 

CA3146E _ -40 to 85 14 Ld PDIP _ El 4.3 

CA3146M -40 to 85 14 Ld SOIC Ml 4.15 

(3146) _ 

CA3146M96 -40 to 85 14 Ld SOIC Tape and Reel Ml 4.15 

(3146) _ 

CA3183AE -40 to 85 16 Ld PDIP _ El 6.3 

CA3183AM -40 to 85 16 Ld SOIC M16.15 

(3183A) _ 

CA3183AM96 -40 to 85 16 Ld SOIC Tape and Reel Ml 6.15 

(3183A) _ 

CA3183E _ -40 to 85 16 Ld PDIP _ El 6.3 

CA3183M -40 to 85 16 Ld SOIC Ml 6.15 

(3183) _ 

CA3183M96 -40 to 85 16 Ld SOIC Tape and Reel M16.15 

(3183)_ 


Description 

The CA3146A, CA3146, CA3183A, and CA3183 are general 
purpose high voltage silicon NPN transistor arrays on a com* 
mon monolithic substrate. 

Types CA3146A and CA3146 consist of five transistors with two 
of the transistors connected to form a differentially connected 
pair. These types are recommended for low power applications 
in the DC through VHF range. (CA3146A and CA3146 are high 
voltage versions of the popular predecessor type CA3046.) 

Types CA3183A and CA3183 consist of five high current 
transistors with independent connections for each transistor. 
In addition two of these transistors (Qi and Q 2 ) are matched 
at low current (i.e., 1mA) for applications where offset 
parameters are of special importance. A special substrate 
terminal is also included for greater flexibility in circuit 
design. (CA3183A and CA3183 are high voltage versions of 
the popular predecessor type CA3083.) 

The types with an “A” suffix are premium versions of their 
non-^A” counterparts and feature tighter control of break* 
down voltages making them more suitable for higher voltage 
applications. 

For detailed application information, see companion Application 
Note AN5296 “Application of the CA3018 Integrated Circuit 
Transistor Array.” 



CAUTION: These devices are sensitive to electrostatic discharge. Users shouid follow proper IC Handling Procedures. 
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Features 

• Gain-Bandwidth Product (fj).>3GHz 

• Five Transistors on a Common Substrate 

Applications 

• VHF Ampiifiers 

• VHFMixera 

• Muitifunction Combinations - RF/Mixer/Osciiiator 

• iF Converter 

• iF Ampiifiers 

• Sense Ampiifiers 

• Synthesizers 

• Synchronous Detectors 

• Cascade Ampiifiers 


Power Applications at Frequencies Up to 1.5GHz 


Description 


The CA3227 and CA3246 consist of five general purpose sil¬ 
icon NPN transistors on a common monolithic substrate. 
Each of the transistors exhibits a value of fj in excess of 
3GHz, making them useful from DC to 1.5GHz. The mono¬ 
lithic construction of these devices provides close electrical 
and thermal matching of the five transistors. 

Ordering Information 


PART 

NUMBER 

(BRAND) 

TEMP. 
RANGE (°C) 

PACKAGE 

PKG. 

CA3227E 

-55 to 125 

16 Ld PDIP 

El 6.3 

CA3227M 

(3227) 

-55 to 125 

16 Ld SOIC 

M16.15 

CA3227M96 

(3227) 

-55 to 125 

16 Ld SOIC Tape 
and Reel 

M16.15 

CA3246E 

-55 to 125 

14 Ld PDIP 

E14.3 

CA3246M 

(3246) 

-55 to 125 

14 Ld SOIC 

M14.15 

CA3246M96 

(3246) 

-55 to 125 

14 Ld SOIC Tape 
and Reel 

M14.15 


Pinouts 


CA3246 
(PDIP, SOIC) 
TOP VIEW 



CA3227 
(PDIP, SOIC) 
TOP VIEW 



CAUTION: These devices are sensitive to eiectrostatic discharge. Users should follow proper 1C Handling Procedures. 
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850MHz, Low Distortion 
‘"® --Current Feedback Operationai Ampiifiers 


', HFA1120 


Pinouts 


HFA1100 

(PDIP, CERDIP, SOiC) 
TOP VIEW 



HFA1120 

(PDIP, CERDIP, SOIC) 
TOP VIEW 



Features 

• Low Distortion (30MHz, HD2). -56dBc 

• -3dB Bandwidth.850MHz 

• Very Fast Slew Rate. 2300 V/m.s 

• Fast Settling Time (0.1%). 11ns 

• Excellent Gain Flatness 

- (100MHz). ±0.14dB 

- (50MHz). ±0.04dB 

- (30MHz). lO.OIdB 

• High Output Current. 60mA 

• Overdrive Recovery.<10ns 

Applications 

• Video Switching and Routing 

• Pulse and Video Amplifiers 

• Wideband Amplifiers 

• RF/IF Signal Processing 

• Flash A/D Driver 

• Medical Imaging Systems 

• Related Literature 

- AN9420, Current Feedback Theory 

- AN9202,HFA11XX Evaluation Fixture 


Description 

The HFA1100, 1120 are a family of high-speed, wideband, fast 
settling current feedback amplifiers. Built with Harris' proprietary 
complementary bipolar UHF-1 process, these devices are the fastest 
monolithic amplifiers available from any semiconductor manufacturer. 

The HFA1100 is a basic op amp with uncommitted pins 1, 5, and 8. 
The HFA1120 includes inverting input bias current adjust pins (pins 1 
and 5) for adjusting the output offset voltage. 

These devices offer a significant performance Improvement over the 
AD811, AD9617/18. the CLC400-409, and the EL2070, EL2073, 
EL2030. 

For Military grade product refer to the HFA1100/883, HFA1120/883 
data sheet. 

Ordering information 


PART NUMBER 
(BRAND) 

TEMP. 
RANGE (^C) 

PACKAGE 

PKG. NO. 

HFA1100MJ/883, 

HFA1120MJ/883 

-55 to 125 

8 Ld CERDIP 

F8.3A 

HFA1100IJ, HFA1120IJ 

-40 to 85 

8 Ld CERDIP 

F8.3A 

HFA1100IP, HFA1120IP 

-40 to 85 

8LdPDIP 

E8.3 

HFA1100IB, HFA1120IB 
(H11001, H11201) 

-40 to 85 

8LdSOIC 

M8.15 

HFA11XXEVAL 

1 DIP Evaluation Board for High-Speed Op Amps 



CAUTION: These devices are sensitive to eiectrostatic discharge. Users shouid foiiow proper 1C Handiing Procedures. 
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HFA1102 




600MHz Current Feedback 
Amplifier with Compensation Pin 


Features 

• Compensation Pin for Bandwidth Limiting 

• Low Distortion (HD2 at 30MHz). -56dBc 

• -3dB Bandwidth.600MHz 

• Very Fast Slew Rate.2000V/^s 

• Fast Settling Time (0.1%).11ns 

• Excellent Gain Flatness 

- (100MHz). ±0.05dB 

- (50MHz).±0.02dB 

- (30MHz).±0.01dB 

• High Output Current.60mA 

• Overdrive Recovery. <10ns 

Applications 

• Low Noise Ampiifiers 

• Video Switching and Routing 

• Pulse and Video Amplifiers 

• RF/IF Signai Processing 

• Flash A/D Driver 

• Medical Imaging Systems 


Pinout 


HFA1102 

(PDIP, CERDIP, SOIC) 
TOP VIEW 


£l COMP 
7] V+ 

T] OUT 
T| NC 


Description 

The HFA1102 is a high speed wideband current feedback 
amplifier featuring a compensation pin for bandwidth limiting. 
Built with Harris’ proprietary complementary bipolar UHF-1 
process, it has excellent AC performance and low distortion. 

Because the HFA1102 is already unity gain stable, the 
primary purpose for limiting the bandwidth is to reduce the 
total noise (broadband) of the circuit. The bandwidth of the 
HFA1102 may be limited by connecting a capacitor and 
series damping resistor from pin 8 to ground. Typical 
bandwidths for various values of compensation capacitors 
are shown in the Electrical Specifications section of this 
datasheet. 

A variety of packages and temperature grades are available. 
See the ordering information below for details. 

Ordering Information 

PART NUMBER TEMP. PKG. 

(BRAND) RANGE (°C) PACKAGE NO. 

HFA1102IJ -40 to 85 8 Ld CERDIP F8.3A 

HFA1102IP -40 to 85 8 Ld PDIP E8.3 

HFA1102IB -40 to 85 8 Ld SOIC M8.15 

(HI102I) 

HFA11XXEVAL DIP Evaluation Board for High Speed Op Amps 



CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1C Handling Procedures. 
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HFA1110 


750MHz, Low Distortion 
Unity Gain, Ciosed Loop Buffer 


Features Description 

• Wide -3dB Bandwidth.750MHz The HFA1110 is a unity gain closed loop buffer that achieves 

-3dB bandwidth of 750MHz, while offering excellent video 

• Very Fast Slew Rate.... 1300V/ps performance and low distortion. Manufactured on Harris’ 

• Fast Settling Time (0.2%)...7ns Proprietary complementary bipolar UHF-1 process, the 

HFA1110 also offers very fast slew rate, and high output 

• High Output Current.. .60mA current. It is one more example of Harris’ Intent to enhance 

its leadership position In products for high speed signal 
. Fixed Gain of+1 processing applications. 

• Gain Flatness (100MHz).0.03dB HFAIHO’s settling time of 11ns to 0.1%, low distortion 

• Differential Phase... 0.025 Degrees ability to drive capacitive loads make It an Ideal flash A/D 

driver. 

• Differential Gain.... 0.04% ^ ■ *ui ^ < 

The HFA1110 is an enhanced, pin compatible upgrade for 

• 3rd Harmonic Distortion (50MHz).. -80dBc the AD9620, AD9630, CLC110, EL2072, BUF600 and 


• 3rd Order Intercept (100MHz). 30dBm 

Applications 

• Video Switching and Routing 

• RF/IF Processors 

• Driving Flash A/D Converters 

• High-Speed Communications 

• Impedance Transformation 

• Line Driving 

• Radar Systems 


BUF601. 

For buffer applications requiring a standard op amp pinout, 
or selectable gain (-1, +1, +2), see the HFA1112 data sheet. 
For output limiting see the HFA1113 datasheet. 

For military grade product please refer to the HFA1110/883 
data sheet. 

Ordering Information 


PART NUMBER 
(BRAND) 

HFA1110IJ 


HFA1110IB 
(H11101) 


TEMP. 
RANGE (^^C) 

-40 to 85 

-40 to 85 

I -40 to 85 


PACKAGE 
8 Ld CERDIP 
8 Ld PDIF 
8 Ld SOIC 


HFA1110EVAL High Speed Buffer DIP Evaluation Board 


Pinout 

HFA1110 

(PDIP, CERDIP, SOIC) 

TOP VIEW 

v+ [T 

1 — { — 

3 OUT 

OPTV+ [T 

fA 

3 

NC [T 


3 OPTV- 

IN [T 

_1 

3 


Pin Descriptions 


PIN 

NUMBER 



CAUTION; These devices are sensitive to eiectrostatic discharge. Users shouid foiiow proper iC Handiing Procedures. 
Copyright © Harris Corporation 1996 _ «- 


DESCRIPTION 


Positive Supply 


Optional Positive Supply 


No Connection 


Input 


Negative Supply 


Optional Negative Supply 


No Connection 


Output 


File Number 2944.5 
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850MHz, Low Distortion 
I Programmabie Gain Buffer Ampiifier 


Features 

• User Programmable for Closed-Loop Gains of +1, -1 or 
+2 without Use of External Resistors 

• Wide -3dB Bandwidth.850MHz 

• Very Fast Slew Rate. 2400V/^s 

• Fast Settling Time (0.1%).11ns 

• High Output Current.60mA 

• Excelient Gain Accuracy.0.99V/V 

• Overdrive Recovery. <10ns 

• Standard Operatlonai Ampiifier Pinout 

Applications 

• RF/iF Processors 

• Driving Flash A/D Converters 

• High-Speed Communications 

• impedance Transformation 

• Line Driving 

• Video Switching and Routing 

• Radar Systems 

• Medical Imaging Systems 

• Related Literature 

- AN9507, Video Cable Drivers Save Board Space 


Description 

The HFA1112 is a closed loop Buffer featuring user 
programmable gain and ultra high speed performance. 
Manufactured on Harris’ proprietary complementary bipolar 
UHF-1 process, the HFA1112 offers a wide -3dB bandwidth 
of 850MHz, very fast slew rate, excellent gain flatness, low 
distortion and high output current. 

A unique feature of the pinout allows the user to select a volt¬ 
age gain of +1, -1, or +2, without the use of any external 
components. Gain selection is accomplished via connec¬ 
tions to the inputs, as described in the “Application Informa¬ 
tion” section. The result is a more flexible product, fewer part 
types in inventory, and more efficient use of board space. 

Compatibility with existing op amp pinouts provides flexibility to 
upgrade low gain amplifiers, while decreasing component 
count. Unlike most buffers, the standard pinout provides an 
upgrade path should a higher closed loop gain be needed at a 
future date. 

This ampiifier is available with programmable output limiting 
as the HFA1113. For applications requiring a standard buffer 
pinout, please refer to the HFA1110 datasheet. For Military 
product, refer to the HFA1112/883 data sheet. 

Ordering Information 


PART NUMBER TEMP. PKG. 

(BRAND) RANGE (°C) PACKAGE NO. 

HFA1112IJ -40 to 85 SLdCERDIP F8.3A 

HFA1112IP -40 to 85 8 Ld PDIP E8.3 

HFA1112IB -40 to 85 8LdSOIC M8.15 

(H11121) 

HFA11XXEVAL High Speed Op Amp DIP Evaluation Board 


Pinout 


HFA1112 

(PDIP, CERDIP, SOIC) 
TOP VIEW 



Pin Descriptions 


NAME 

PIN 

NUMBER 

NC 

1,5,8 

-IN 

2 

-i-IN 

3 



DESCRIPTION 


No Connection 


Inverting Input 


Non-Inverting Input 


Negative Supply 


Output 


Positive Supply 


CAUTION; These devices are sensitive to electrostatic discharge. Users shouid foiiow proper 1C Handling Procedures. 
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850MHz, Low Distortion, Output Limiting, 
Programmable Gain, Buffer Amplifier 


Features 

• User Programmable Output Voltage Limiting 

• User Programmable For Closed-Loop Gains of +1, -1 
or +2 Without Use of External Resistors 

• Wide-3dB Bandwidth.850MHz 

• Excellent Gain Flatness (to 100MHz).±0.07dB 

• Low Differential Gain and Phase_0.02%/0.04 Degrees 

• Low Distortion (HD3, 30MHz). -73dBc 

• Very Fast Siew Rate . 2400V/^s 

• Fast Settling Time (0.1%).13ns 

• High Output Current.60mA 

• Excellent Gain Accuracy. 0.99V/V 

• Overdrive Recovery. <1ns 

• Standard Operational Amplifier Pinout 


Applications 


• RF/iF Processors 

• Driving Flash A/D Converters 

• High-Speed Communications 

• Impedance Transformation 

• Line Driving 

• Video Switching and Routing 

• Radar Systems 

• Medical Imaging Systems 


Description 

The HFA1113 Is a high speed Buffer featuring user program¬ 
mable gain and output limiting coupled with ultra high speed 
performance. This buffer Is the Ideal choice for high fre¬ 
quency applications requiring output limiting, especially 
those needing ultra fast overload recovery times. The output 
limiting function allows the designer to set the maximum 
positive and negative output levels, thereby protecting later 
stages from damage or Input saturation. The sub-nanosec¬ 
ond overdrive recovery time quickly returns the amplifier to 
linear operation following an overdrive condition. 

A unique feature of the pinout allows the user to select a volt¬ 
age gain of +1, -1, or +2, without the use of any external 
components, as described In the “Application Information” 
section. Compatibility with existing op amp pinouts provides 
flexibility to upgrade low gain amplifiers, while decreasing 
component count. Unlike most buffers, the standard pinout 
provides an upgrade path should a higher closed loop gain 
be needed at a future date. 

Component and composite video systems will also benefit 
from this buffer’s performance, as indicated by the excellent 
gain flatness, and 0.02%/0.04 Degree Differential 
Gain/Phase specifications (Rl = 150Q). 

For Military product, refer to the HFA1113/883 data sheet. 

Ordering Information 

I PART NUMBER I TEMP. I I PKG. I 


(BRAND) RANGE (^C) PACKAGE NO. 

HFA1113MJ/883 -55 to 125 8 Ld CERDIP F8.3A 

HFA1113IJ -40 to 85 8 Ld CERDIP F8.3A 

HFA1113IP _ -40 to 85 8 Ld PDIP _ E8.3 

HFA1113IB -40 to 85 8LdSOIC M8.15 

(H1113I) ___ 

HFA11XXEVAL DIP Evaluation Board For High Speed Op Amps 


Pinout 


Pin Descriptions 


HFA1113 

(PDIP, CERDIP, SOIC) 
TOP VIEW 



PIN 

NUMBER 



DESCRIPTION 


No Connection 


Inverting Input 


Non-Inverting Input 


Negative Supply 


Lower Output Limit 


Positive Supply 


Upper Output Limit 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1C Handling Procedures. 
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HFA1114 


850MHz Video Cable Driving Buffer 



• Access to Summing Node Allows Circuit Customization 

• User Programmable For Closed-Loop Gains of +1, -1 
or +2 Without Use of External Resistors 


• Wide -3dB Bandwidth.850MHz 

• Very Fast Slew Rate . 2400V/^s 

• Fast Settling Time (0.1%).11ns 

• High Output Current. 60mA 

• Excellent Gain Accuracy.0.99V/V 

• Overdrive Recovery. <10ns 


• Standard Operationai Amplifier Pinout 

Applications 

• RF/IF Processors 

• Driving Fiash A/D Converters 

• High Speed Communications 

• Impedance Transformation 

• Line Driving 

• Video Switching and Routing 


The HFA1114 is a closed loop Buffer featuring user 
programmable gain and ultra high speed performance. 
Manufactured on Harris’ proprietary complementary bipolar 
UHF-1 process, the HFA1114 offers a wide -3dB bandwidth 
of 850MHz, very fast slew rate, excellent gain flatness, low 
distortion and high output current. 

A unique feature of the pinout allows the user to select a 
voltage gain of +1,-1, or +2, without the use of any external 
components. Gain selection Is accomplished via connections 
to the Inputs, as described In the “Application information” 
section. The result Is a more flexible product, fewer part types 
in inventory, and more efficient use of board space. 

Compatibility with existing op amp pinouts provides flexibility 
to upgrade low gain amplifiers, while decreasing component 
count. Unlike most buffers, the standard pinout provides an 
upgrade path should a higher closed loop gain be needed at 
a future date. 

For applications requiring a standard buffer pinout, please 
refer to the HFA1110 datasheet. 


Ordering Information 


PART NUMBER 

TEMP. RANGE 


PKG. 

(BRAND) 

(®C) 

PACKAGE 

NO. 



Pinout 


HFA1114 
(PDIP, SOIC) 
TOP VIEW 


300 

“U- 

300 


^ L 




Pin Descriptions 


NAME 

PIN 

NUMBER 

DESCRIPTION 

NC 

1,8 

No Connection 

-IN 

2 

Inverting input 

+IN 

3 

Non-Inverting Input 

V- 

4 

Negative Supply 

SN 

5 

Summing Node 

OUT 

6 

Output 

V+ 

7 

Positive Supply 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1C Handling Procedures. 
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" ^ ’ SSbMHz, Output Limiting, Low Distortion 

" ’* Current Feedback Operational Amplifier 


Features 

• User Programmable Output Voltage Limits 

• Low Distortion (30MHz, HD2). -56dBc 

• -3dB Bandwidth. 850MHz 

• Very Fast Slew Rate.2300V/)is 

• Fast Settling Time (0.1%).11ns 

• Excellent Gain Flatness 

- (100MHz).0.14dB 

- (50MHz).0.04dB 

- (30MHz).O.OIdB 

• High Output Current.60mA 

• Overdrive Recovery. <1ns 

Applications 

• Residue Amplifier 

• Video Switching and Routing 

• Pulse and Video Amplifiers 

• Wideband Amplifiers 

• RF/IF Signal Processing 

• Flash A/D Driver 

• Medical Imaging Systems 

• Related Literature 

- AN9420, Current Feedback Theory 

- AN9202,HFA11XX Evaluation Fixture 


Description 

The HFA1130 is a high speed wideband current feedback 
amplifier featuring programmable output limits. Built with 
Harris’ proprietary complementary bipolar UHF-1 process, it 
Is the fastest monolithic amplifier available from any semi¬ 
conductor manufacturer. 

This amplifier is the ideal choice for high frequency 
applications requiring output limiting, especially those needing 
ultra fast overdrive recovery times. The output limiting function 
allows the designer to set the maximum positive and negative 
output levels, thereby protecting later stages from damage or 
input saturation. The sub-nanosecond overdrive recovery time 
quickly returns the amplifier to linear operation, following an 
overdrive condition. 

The HFA1130 offers significant performance improvements 
over the CLC500/501/502. 

A variety of packages and temperature grades are available. 
See the ordering information below for details. For /883 
product refer to the HFA1130/883 datasheet. 


Ordering Information 


PART NUMBER 
(BRAND) 

TEMP. 
RANGE (^C) 

PACKAGE 

PKG. NO. 

HFA1130MJ/883 

-55 to 125 

8 Ld CERDIP 

F8.3A 

HFA1130IJ 

-40 to 85 

8 Ld CERDIP 

F8.3A 

HFA1130IP 

-40 to 85 

8 Ld PDIP 

E8.3 

HFA1130IB 
(H11301) 

-40 to 85 

8 Ld SOIC 

M8.15 

HFA11XXEVAL 

DIP Evaluation Board for High-Speed Op Amps 


Pinout 


HFA1130 

(PDIP, CERDIP, SOIC) 
TOP VIEW 




CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1C Handling Procedures. 
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HFA3046, HFA3096, 


August 1996 


s. M, c o „»„ c r^ If HFA3128 

96 Ultra High Frequency Transistor Arrays 


Features 

• NPN'rhinslstor(fT).8GHz 

• NPN Current Gain (hpe). 70 

• NPN Early Voltage (Va) . 50V 

• PNP Transistor (It) . 5.5GHz 

• PNP Current Gain (hpE). 40 

• PNP Early Voltage (Va) . . 25V 

• Noise Figure (50C2) at 1.0GHz.3.5dB 

• Collector-to-Collector Leakage.<1pA 

• Complete Isolation Between Transistors 

• Pin Compatible with Industry Standard 3XXX Series 
Arrays 

Applications 

• VHF/UHF Amplifiers 

• VHF/UHF Mixers 

• IF Converters 

• Synchronous Detectors 


Description 


The HFA3046, HFA3096, HFA3127 and the HFA3128 are 
Ultra High Frequency Transistor Arrays that are fabricated 
from Harris Semiconductor’s complementary bipolar UHF-1 
process. Each array consists of five dielectrically isolated 
transistors on a common monolithic substrate. The NPN 
transistors exhibit a fj of 8GHz while the PNP transistors 
provide a fj of 5.5GHz. Both types exhibit low noise (3.5dB), 
making them ideal for high frequency amplifier and mixer 
applications. 

The HFA3046 and HFA3127 are all NPN arrays while the 
HFA3128 has all PNP transistors. The HFA3096 Is an NPN- 
PNP combination. Access is provided to each of the termi¬ 
nals for the Individual transistors for maximum application 
flexibility. Monolithic construction of these transistor arrays 
provides close electrical and thermal matching of the five 
transistors. 

For PSPICE models, please request AnswerFAX document 
number 663046. Harris also provides an Application Note 
illustrating the use of these devices as RF amplifiers 
(request AnswerFAX document 99315). 


Ordering Information 


TEMP. PKG. 

PART NUMBER RANGE (°C) PACKAGE NO. 

-A3046B -55 to 125 14LdSOIC M14.15 

■A3096B -55 to 125 16LdSOIC M16.15 

-A3127B -55to 125 ' 16LdSOIC~ M16.15 

"A3128B -55 to 125 16LdSOIC M16.15 




CAUTION: These devices are sensitive to eiectrostatic discharge. Users shouid follow proper 1C Handling Procedures. 
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Features 


da® 


HFA3101 


Gilbert Cell UHF Transistor Array 


Description 


• High Gain Bandwidth Product (fj).10GHz The HFA3101 is an ail NPN transistor array configured as a 

. ___ C/.U, Multiplier Ceil. Based on Harris bonded wafer UHF-I SOI 


• High Power Gain Bandwidth Product.5GHz 


process, this array achieves very high fj (10GHz) while 


• Current Gain (hpe).70 maintaining excellent hpE and Vbe matching characteristics 

. , ^ that have been maximized through careful attention to circuit 


• Low Noise Figure (Transistor).3.5dB 

• Exceiient hpE and Vbe Matching 

• Low Coiiector Leakage Current.<0.01 nA 

• Pin-to-Pin Compatible to UPA101 

Applications 

• Balanced Mixers 

• Multipiiers 

• Demoduiatdrs/Modulators 

• Automatic Gain Controi Circuits 

• Phase Detectors 

• Fiber Optic Signai Processing 

• Wireiess Communication Systems 

• Wide Band Ampiification Stages 

• Radio and Satellite Communications 

• High Performance instrumentation 


design and layout, making this product ideal for communica¬ 
tion circuits. For use in mixer applications, the cell provides 
high gain and good cancellation of 2nd order distortion 
terms. 

Ordering Information 


PART NUMBER 

TEMP. 


PKG. 

(BRAND) 

RANGE (<>C) 

PACKAGE 

NO. 

HFA3101B 

(H3101B) 

-40 to 85 

8 Ld SOIC 

M8.15 

HFA3101B96 

-40 to 85 

8 Ld SOIC Tape 

M8.15 

(H3101B) 


and Reel 



Pinout 


HFA3101 
(SOiC) 
TOP VIEW 



BBIQIQIQB 


NOTE: Q 5 and Qe - 2 Paralleled S^m x 50^m Transistors 
Ql, Q2, Q3, Q4 - Single 3jim x 50nm Transistors 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
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HFA3102 
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Features 




• High Gain-Bandwidth Product (fj)... 

• High Power Gain-Bandwidth Product 

• High Current Gain (hp^). 

• Noise Figure (Transistor). 

• Low Coiiector Leakage Current. 

• Exceilent hpg and Vbe Matching 

• Pin-to-Pin to UPA102G 

Applications 

• Singie Baianced Mixers 

• Wide Band Ampiification Stages 

• Differentiai Ampiifiers 

• Muitipiiers 

• Automatic Gain Control Circuits 

• Frequency Doublers, Tripplers 

• Oscillators 

• Constant Current Sources 

• Wireless Communication Systems 

• Radio and Satellite Communications 

• Fiber Optic Signal Processing 

• High Performance Instrumentation 


. 10GHz 
.. 5GHz 
.... 70 
.. 3.5dB 
<0.01 nA 


Dual Long-Tailed Pair Transistor Array 


Description 

The HFA3102 is an all NPN transistor array configured as 
dual differential amplifiers with tail transistors. Based on 
Harris bonded wafer UHF-1 SOI process, this array achieves 
very high fj (10GHz) while maintaining excellent hp^ and 
Vbe matching characteristics over temperature. Collector 
leakage currents are maintained to under 0.01 nA. 

Ordering Information 


PART NUMBER 

TEMP. 
RANGE (^C) 

PACKAGE 

PKQ. 

NO. 

HFA3102B 

-40 to 85 

14 Ld SOIC 

M14.15 

HFA3102B96 

-40 to 85 

14 Ld SOIC Tape 
and Reel 

M14.15 


Pinout/Functional Diagram 


HFA3102 
(SOIC) 
TOP VIEW 



CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1C Handling Procedures. 
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HFA3600 


Low-Noise Amplifier/Mixer 


Features 

• LNA 

- Low Noise Figure.2.3dB at 900MHz 

- High Power Gain.12.8dB at 900MHz 

- High Intercept. +12.8dBm at Output 

• MIXER 

- Low Noise Figure.12.1dB at 900MHz 

- High Power Gain.7.0dB at 900MHz 

- High Intercept.•f3.2dBm at Output 

- Low LO Drive.- 3dBm 

• LNA + MiXER 

- Low Noise Figure.3.97dB at 900MHz 

- High Power Gain.19.8dB at 900MHz 

- High Intercept..-16.7dBnn at Input 

- Low Operating Power.5V/11.3mA 

- Low Shutdown Power .. .5V/250^A 

- Small Package: 14 Lead SOIC (Plastic, Small Outline 
Package, 150 Mil Width, 50 Mil Lead Spacing) 


Description 

The HFA3600 Is a silicon Low-Noise Amplifier with high per¬ 
formance characteristics allowing the design of very sensi¬ 
tive, wide dynamic-range 900MHz receivers with minimal 
external components. 

The LNA, Mixer RF, and LO Inputs are internally matched to 
500. The Mixer IF output is open collector allowing flexibility 
in choosing the IF output impedance, with 1000Q operation 
fully characterized. The mixer performance is optimized for 
low LO drive (-3dBm) applications. 

Power consumption is kept to a minimum, making the device 
ideal for battery-powered hand-held communication equip¬ 
ment. An integrated power-down feature maximizes battery 
life and eliminates the need for external shut down circuitry. 
Although fully characterized under 5V single supply, the 
HFA3600 Is operable down to 4V with slight performance dif¬ 
ferences. 

The HFA3600 is part of a complete solution Including appli¬ 
cation circuit schematics, S-parameters, noise figure, third- 
order intercept characterization data and PC board artwork. 
Evaluation boards are also available through local Harris 
Sales offices. 


Applications Sales offices. 

• Portable Cellular Telephone (AMPS, IS-54, GSM, JDC) Ordering Information 

• Wireless Data Com. (ISM, Narrowband PCS) - ZTZZ -- ZZHZ -T 

PART TEMP. 

• UHF and Mobile Radio Receiver NUMBER RANGE (»C) 

• 900MHz Digital Cordless Telephone (CT-2, ISM) HFA3600IB -40 to 85 

• Wireless Telemetry HFA3600IB96 -40 to 85 


TEMP. 

RANGE (<’C) PACKAG 
-40 to 85 14 Ld SOIC 


HFA3600IB96 -40 to 85 14 Ld SOIC in Tape and Reel 


Pinout 


HFA3600 (SOIC) 
TOP VIEW 


LNAVcc [1 


LO BYPASS 



^ MIXER Vcc 


81 POWER DOWN 



CAUTION: These devices are sensitive to eiectrostatic discharge. Users shouid foiiow proper iC handiing procedures. 
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Serial I/O Filter 


Features 

• 45MHz Clock Rate 

• 256 Tap Programmable FIR Filter 

• 24-Bit Data, 32-Bit Coefficients 

• Cascade of up to 5 Half Band Filters 

• Decimation from 1 to 256 

• Two Pin Interface for Down Conversion by Fs/4 

• Muitiplier for Mixing or Scaling Input with an External 
Source 

• Serial I/O Compatible with Most DSP Microprocessors 

Applications 

• Low Cost FIR Filter 

• Filter Co-Processor 

• Digital Tuner 

Ordering Information 


PART NUMBER 

TEMP. 
RANGE (°C) 

PACKAGE 

PKG. 

NO. 

HSP43124PC-45 

0to70 

28 Ld PDIP 

E28.6 

HSP43124PC-33 

0to70 

28 Ld PDIP 

E28.6 

HSP43124SC-45 

0to70 

28 Ld SOIC 

M28.3 

HSP43124SC-33 

0to70 

28 Ld SOIC 

M28.3 

HSP43124SI-40 

-40 to 85 

28 Ld SOIC 

M28.3 


Description 

The Serial I/O Filter is a high performance filter engine that is 
ideal for off loading the burden of filter processing from a 
DSP microprocessor. It supports a variety of multistage filter 
configurations based on a user programmable filter and fixed 
coefficient halfband filters. These configurations include a 
programmable FIR filter of up to 256 taps, a cascade of from 
one to five halfband filters, or a cascade of halfband filters 
followed by a programmable FIR. The half band filters each 
decimate by a factor of two, and the FIR filter decimates from 
one to eight. When all six filters are selected, a maximum 
decimation of 256 is provided. 

For digital tuning applications, a separate muitiplier is pro¬ 
vided which allows the incoming data stream to be multi¬ 
plied, or mixed, by a user supplied mix factor. A two pin 
interface is provided for serially loading the mix factor from 
an external source or selecting the mix factor from an on¬ 
board ROM. The on-board ROM contains samples of a sinu¬ 
soid capable of spectrally shifting the input data by one quar¬ 
ter of the sample rate, Fs/4. This allows the chip to function 
as a digital down converter when the filter stages are config¬ 
ured as a low-pass filter. 

The serial interface for input and output data is compatible 
with the serial ports of common DSP microprocessors. Coef¬ 
ficients and configuration data are loaded over a bidirec¬ 
tional eight bit interface. 




CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper iC Handling Procedures. pj|0 (sjurnber 3555.5 
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Dual FIR Filter 


Features 

• Two Independent 8-Tap FIR Filters Configurable as a 
Single 16-Tap FIR 

• 10-Bit Data and Coefficients 

• On-Board Storage for 32 Programmable Coefficient Sets 

• Up To: 256 FiR Taps, 16x16 2-D Kerneis, or 10 x 19-Bit 
Data and Coefficients 

• Programmabie Decimation to 16 

• Programmabie Rounding on Output 

• Standard Microprocessor interface 


Applications 

• Quadrature, Compiex Fiitering 

• Poiyphase Filtering 

Ordering Information 


image Processing 
Adaptive Fiitering 






HSP43168VC-33 

0to70 

100 Ld MQFP 

Q100.14x20 

HSP43168VC-40 

0to70 

100 Ld MQFP 

Q100.14x20 

HSP43168VC-45 

0to70 

100 Ld MQFP 

Q100.14X20 

HSP43168JC-33 

0to70 

84 Ld PLCC 

N84.1.15 

HSP43168JC-40 

0to70 

84 Ld PLCC 

N84.1.15 

HSP43168JC-45 

0to70 

84 Ld PLCC 

N84.1.15 

HSP43168JI-40 

-40 to 85 

84 Ld PLCC 

N84.1.15 

HSP43168GC-33 

0to70 

84 Ld CPGA 

G84.A 

HSP43168GC-45 

0to70 

84 Ld CPGA 

G84.A 


Description 

The HSP43168 Dual FIR Filter consists of two independent 
8-tap FIR filters. Each filter supports decimation from 1 to 16 
and provides on-board storage for 32 sets of coefficients. 
The Block Diagram shows two FIR cells each fed by a 
separate coefficient bank and one of two separate inputs. 
The outputs of the FIR cells are either summed or 
multiplexed by the MUX/Adder. The compute power in the 
FIR Cells can be configured to provide quadrature filtering, 
complex filtering, 2-D convolution, 1-D/2-D correlations, and 
interpolating/decimating filters. 

The FIR cells take advantage of symmetry in FIR 
coefficients by pre-adding data samples prior to 
multiplication. This allows an 8-tap FIR to be implemented 
using only 4 multipliers per filter cell. These cells can be 
configured as either a single 16-tap FIR filter or dual 8-tap 
FiR filters. Asymmetric fiitering is also supported. 

Decimation of up to 16 is provided to boost the effective 
number of filter taps from 2 to 16 times. Further, the 
decimation registers provide the delay necessary for fractional 
data conversion and 2-D fiitering with kernels to 16x16. 

The flexibility of the Dual is further enhanced by 32 sets of 
user programmabie coefficients. Coefficient selection may 
be changed asynchronously from clock to clock. The ability 
to toggle between coefficient sets further simpiifies 
applications such as polyphase or adaptive filtering. 

The HSP43168 is a low power fully static design 
implemented in an advanced CMOS process. The 
configuration of the device is controlled through a standard 
microprocessor interface. 



CAUTION: These devices are sensitive to eiectrostatic discharge. Users shouid foiiow proper 1C Handiing Procedures. 
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HSP43216 


Halfband Filter 



• Sample Rates to 52 MSPS 

• Architected to Support Sample Rates to 104 MSPS 
Using External Multiplexer 

• Four Modes of Operation: 

- Interpolate by 2 Filtering 

- Decimate by 2 Filtering 

- Quadrature to Real Signal Conversion 

- Fs/4 Quadrature Down Conversion Followed by 
Decimate by 2 Filtering 

• 16-Bit Inputs and Outputs 

• 67-Tap Halfband FIR Filter with 20-Bit Coefficients 

• Two’s Complement or Offset Binary Outputs 

• Programmable Rounding on Outputs 

• 1.24:1 Filter Shape Factor 

• >90dB Stopband Attenuation 

• <0.0003dB Passband Ripple 

• Saturation Logic on Output 

Applications 


The HSP43216 Halfband Filter addresses a wide variety of 
applications by combining Fs/4 (Fs = sample frequency) 
quadrature up/down convert circuitry with a fixed coefficient 
haifband filter processor as shown in the block diagram. 
These elements may be configured to operate in one of the 
four following modes: decimate by 2 filtering of a real input 
signal; interpolate by 2 filtering of a real input signal; Fs/4 
quadrature down conversion of a real input signal followed 
by decimate-by-2 filtering to produce a complex analytic 
signal; interpolate-by-2 filtering of a complex analytic signal 
followed by Fs/4 quadrature up conversion to produce a real 
valued output. 

The frequency response of the HSP43216's halfband filter 
has a shape factor, (passband+transition band)/passband, 
of 1.24:1 with 90dB of stopband attenuation. The passband 
has less than 0.0003dB of ripple from OFs to 0.2Fs with 
stopband attenuation of greater than 90dB from 0.3Fs to 
Nyquist. At 0.25Fs the filter provides 6dB of attenuation. 

The HSP43216 processes data streams with word widths up 
to 16 bits and data rates up to 52 MSPS. The processing 
throughput of the part is easily doubled to rates of up to 104 
MSPS by using the part together with an external multiplexer 
or demultiplexer. Programmable rounding Is provided to sup¬ 
port output precisions from 8 bits to 16 bits. 


Digital Down Conversion 

D/A and A/D pre/post Filtering 

Tuning Bandwidth Expansion for HSP45116 and 
HSP45106 


Ordering information 


PART 

NUMBER 

HSP43216CC-52 

HSP43216JC-52 

HSP43216VC-52 

HSP43216JI-52 


TEMP. PACKAGE 

RANGE (®C) TYPE PKG. NO. 

0to70 85LdCPGA G85A 

0to70 84 Ld PLCC N84.1.15 

0to70 ' lOOLdMQFP 0100.14x20 

-40 to 85 84 Ld PLCC N84 1.15 


Block Diagram 


INPUT DATA 
FLOW 

CONTROLLER 


Fs/4 

QUADRATURE 

DOWN 

CONVERT 

PROCESSOR 


67-TAP 

HALFBAND 

FILTER 

PROCESSOR 


Fs/4 

QUADRATURE 
UP CONVERT 
PROCESSOR 


OUTPUT DATA 
FLOW 

CONTROLLER/ 

FORMATTER 


SYNC 

usi/Lsr 

MODEO-1 

INT/EXT 

RNOO-2 

rm 

5EA 

DES 

CLK 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1C Handling Procedures. 
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MSP43220 


Decimating Digitai Fiiter 


Features 

• Single Chip Narrow Band Filter with up to 96dB 
Attenuation 

• DC to 33MHz Clock Rate 

• 16-Bit 2’s Complement Input 

• 20-Bit Coefficients in FIR 

• 24-Bit Extended Precision Output 

• Programmable Decimation up to a Maximum of 16,384 

• Standard 16-Bit Microprocessor Interface 

• Filter Design Software Available DECi*MATE^^ 

• Up to 512 Taps 

Applications 

• Very Narrow Band Filters 

• Zoom Spectral Analysis 

• Channelized Receivers 

• Large Sample Rate Converter 

Ordering information 


PART NUMBER 

TEMP. 
RANGE C^C) 

PACKAGE 

PKG. NO. 

HSP43220VC-15 

0to70 

100 Ld MQFP 

Q100.14X20 

HSP43220VC-25 

0to70 

100 Ld MQFP 

Q100.14X20 

HSP43220VC-33 

0to70 

100 Ld MQFP 

Q100.14X20 

HSP43220JC-15 

0to70 

84 Ld PLCC 

N84.1.15 

HSP43220JC-25 

OtoO 

84 Ld PLCC 

N84.1.15 

HSP43220JC-33 

0to70 

84 Ld PLCC 

N84.1.15 

HSP43220GC-15 

0to70 

84 Ld CPGA 

G84.A 

HSP43220GC-25 

0to70 

84 Ld CPGA 

G84.A 

HSP43220GC-33 

0to70 

84 Ld CPGA 

G84.A 

HSP43220GI-15 

-40 to 85 

84 Ld CPGA 

G84.A 

HSP43220GI-25 

-40 to 85 

84 Ld CPGA 

G84.A 

HSP43220GI-33 

-40 to 85 

84 Ld CPGA 

G84.A 


Description 

The HSP43220 Decimating Digital Filter is a linear phase 
low pass decimation filter which is optimized for filtering 
narrow band signals in a broad spectrum of a signal 
processing applications. The HSP43220 offers a single chip 
solution to signal processing applications which have 
historically required several boards of ICs. This reduction In 
component count results in faster development times as well 
as reduction of hardware costs. 

The HSP43220 Is Implemented as a two stage filter 
structure. As seen In the block diagram, the first stage Is a 
high order decimation filter (HDF) which utilizes an efficient 
sample rate reduction technique to obtain decimation up to 
1024 through a coarse low-pass filtering process. The HDF 
provides up to 96dB aliasing rejection in the signal pass 
band. The second stage consists of a finite impulse 
response (FIR) decimation filter structured as a transversal 
FIR filter with up to 512 symmetric taps which can implement 
filters with sharp transition regions. The FIR can perform 
further decimation by up to 16 if required while preserving 
the 96dB aliasing attenuation obtained by the HDF. The 
combined total decimation capability is 16,384. 

The HSP43220 accepts 16-bit parallel data in 2’s 
complement format at sampling rates up to 33 MBPS. It 
provides a 16-bit microprocessor compatible interface to 
simplify the task of programming and three-state outputs to 
allow the connection of several ICs to a common bus. The 
HSP43220 also provides the capability to bypass either the 
HDF or the FIR for additional flexibility. 


D 0 ci«Mate^** Software Development Tool (This software tool may 
be downloaded from our Internet site: http://www.seml.harris.com) 


Block Diagram 


DECIMATION UP T01024 DECIMATION UP TO 16 


INPUT CLOCK - 
DATA INPUT . 
CONTROL AND COEFFICIENTS - 


HIGH ORDER 


FIR 

DECIMATION 


DECIMATION 

FILTER 

1 ’ 

FILTER 


DATA OUT 
DATA READY 


DECUMATE^*^ is a registered trademark of Harris Corporation. 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1C Handling Procedures. 
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Features 

• 33MHz, 40MHz Versions 

• 32-Bit Frequency Control 

• BFSK, QPSK Modulation 

• Serial Frequency Load 

• 12-Bit Sine Output 

• Offset Binary Output Format 

• 0.009Hz Tuning Resoiution at 40MHz 

• Spurious Frequency Components <-69dBc 

• Fuliy Static CMOS 

• Low Cost 

Applications 

• Direct Digitai Synthesis 

• Modulation 

• PSK Communications 

• Related Products 

- HI5731 12-Bit, 100MHz D/A Converter 

Ordering Information 


HSP45102PC-33 

HSP45102PC-40 

HSP45102PI-33 

HSP45102PI-40 

HSP45102SC-33 

HSP45102SC-40 

HSP45102SI-33 

HSP45102SI-40 


TEMP. 
RANGE (OC) 

PACKAGE 

PKG. 

NO. 

0to70 

28 Ld PDIP 

E28.6 

0to70 

28 Ld PDIP 

E28.6 

-40 to 85 

28 Ld PDIP 

E28.6 

-40 to 85 

28 Ld PDIP 

E28.6 

0to70 

28 Ld SOIC 

M28.3 

0to70 

28 Ld SOIC 

M28.3 

-40 to 85 

28 Ld SOIC 

M28.3 

-40 to 85 

28 Ld SOIC 

M28.3 


12-Bit Numerically Controlled Oscillator 


Description 

The Harris HSP45102 is Numerically Controlled Oscillator 
(NC012) with 32-blt frequency resolution and 12-bit output. 
With over 69dB of spurious free dynamic range and worst 
case frequency resolution of 0.009Hz, the NC012 provides 
significant accuracy for frequency synthesis solutions at a 
competitive price. 

The frequency to be generated is selected from two frequency 
control words. A single control pin selects which word is used 
to determine the output frequency. Switching from one fre¬ 
quency to another occurs in one clock cycle, with a 6 clock 
pipeline delay from the time that the new control word Is 
loaded until the new frequency appears on the output. 

Two pins, PO-1, are provided for phase modulation. They are 
encoded and added to the top two bits of the phase accumu¬ 
lator to offset the phase in 90° Increments. 

The 13-blt output of the Phase Offset Adder Is mapped to 
the sine wave amplitude via the Sine ROM. The output data 
format is offset binary to simplify interfacing to D/A convert¬ 
ers. Spurious frequency components in the output sinusoid 
are less than -69dBc. 

The NC012 has applications as a Direct Digital Synthesizer 
and modulator in low cost digital radios, satellite terminals, 
I and function generators. 



CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1C Handling Procedures. 
Copyright © Harris Corporation 1996 c a -7 


File Number 2810.5 


STANDARD 

PRODUCTS 











SEMICONDUCTOR 


December 1996 




. ' 

16-§rt Numerically Controlled Oscillator 


Features 

• 25.6MHz, 33MHz Versions 

• 32-Bit Center and Offset Frequency Control 

• 16-Bit Phase Control 

• 8 Level PSK Supported Through Three Pin Interface 

• Simultaneous 16-Bit Sine and Cosine Outputs 

• Output in Two’s Complement or Offset Binary 

• <0.008Hz Tuning Resolution at 33MHz 

• Serial or Parallel Outputs 

• Spurious Frequency Components <-90dBc 

• 16-Bit Microprocessor Compatible Control Interface 

Applications 

• Direct Digital Synthesis 

• Quadrature Signal Generation 

• Spread Spectrum Communications 

• PSK Modems 

• Modulation - FM, FSK, PSK (BPSK, QPSK, 8PSK) 

• Frequency Hopping Communications 

• Precision Signal Generation 

• Related Products 

- Use with Data Acquisition Parts HI5731 or Hi5741 

Ordering Information 


PART NUMBER 

TEMP. 
RANGE (®C) 

PACKAGE 

PKG. NO. 

HSP45106JC-25 

0to70 

84 Ld PLCC 

N84.1.15 

HSP45106JC-33 

0to70 

84 Ld PLCC 

N84.1.15 

HSP45106GC-25 

0to70 

85 Ld CPGA 

G85.A 

HSP45106GC-33 

0to70 

85 Ld CPGA 

G85.A 


Description 

The Harris HSP45106 is a high performance 16-bit quadra¬ 
ture numerically controlled oscillator (NC016). The NC016 
simplifies applications requiring frequency and phase agility 
such as frequency-hopped modems, PSK modems, spread 
spectrum communications, and precision signal generators. 
As shown in the block diagram, the HSP45106 is divided 
into a Phase/Frequency Control Section (PFCS) and a 
Sine/Cosine Section. 

The inputs to the Phase/Frequency Control Section consist 
of a microprocessor interface and individual control lines. 
The frequency resolution is 32 bits, which provides for 
resolution of better than 0.008Hz at 33MHz. User 
programmable center frequency and offset frequency 
registers give the user the capability to perform phase 
coherent switching between two sinusoids of different 
frequencies. Further, a programmable phase control 
register allows for phase control of better than 0.006^. In 
applications requiring up to 8-levei PSK, three discrete 
inputs are provided to simplify implementation. 

The output of the PFCS is a 28-blt phase which is Input to 
the Sine/Cosine Section for conversion into sinusoidal ampli¬ 
tude. The outputs of the sine/cosine section are two 16-bit 
quadrature signals. The spurious free dynamic range of this 
complex vector is greater than 90dBc. 

For added flexibility when using the NC016 in conjunction 
with DAC’s, a choice of either parallel of serial outputs with 
either two’s complement or offset binary encoding is pro¬ 
vided. in addition, a synchronization signal is available which 
indicates serial word boundaries. 


Block Diagram 


MICROPROCESSOR 
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CAUTION; These devices are sensitive to electrostatic discharge. Users should follow proper 1C Handling Procedures. 
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HSP45116 


Numerically Controlled 
Oscillator/Modulator 


Features 

• NCO and CMAC on One Chip 

• 15MHz, 25.6MHz, 33MHz Versions 

• 32-Bit Frequency Control 

• 16-Bit Phase Modulation 

• 16-BltCMAC 

• 0.008Hz Tuning Resoiution at 33MHz 

• Spurious Frequency Components < -90dBc 

• Fuliy Static CMOS 

Applications 

• Frequency Synthesis 

• Modulation - AM, FM, PSK, FSK, QAM 

• Demodulation, PLL 

• Phase Shifter 

• Polar to Cartesian Conversions 

Ordering Information 

m\ 

RANGE (°C)i PACKAGE 


HSP45116VC-15 

HSP45116VC-25 



leOLdMQFP 0160.28x28 


160LdMQFP 0160.28x28 


HSP45116GC-15 
HSP45116GC-25 
HSP45116GC-33 
HSP45116GI-15 
HSP45116GI-25 
HSP45116GI-33 

HSP45116GM-15/883| -55to 125 |l45LdCPGA |G145.A 
HSP45116GM-25/883I -55to 125 |l45LdCPGA |G145.A 


145LdCPGA G145.A 


145LdCPGA G145.A 


145LdCPGA G145.A 


-40to85 145LdCPGA G145.A 


-40 to 85 145LdCPGA G145.A 


-40to85 145LdCPGA G145.A 


HSP45116AVC-52 t 


160LdMOFP 0160.28x28 


Block Diagram 


Description 

The Harris HSP45116 combines a high performance 
quadrature numerically controlled oscillator (NCO) and a 
high speed 16-blt Complex Multipller/Accumulator (CMAC) 
on a single 1C. This combination of functions allows a com¬ 
plex vector to be multiplied by the Internally generated (cos, 
sin) vector for quadrature modulation and demodulation. As 
shown In the block diagram, the HSP45116 Is divided Into 
three main sections. The Phase/Frequency Control Section 
(PFCS) and the SIne/CosIne Section together form a com¬ 
plex NCO. The CMAC multiplies the output of the Sine/ 
Cosine Section with an external complex vector. 

The Inputs to the Phase/Frequency Control Section consist 
of a microprocessor Interface and Individual control lines. 
The phase resolution of the PFCS Is 32 bits, which results In 
frequency resolution better than 0.008Hz at 33MHz. The 
output of the PFCS Is the argument of the sine and cosine. 
The spurious free dynamic range of the complex sinusoid Is 
greater than 90dBc. 

The output vector from the SIne/CosIne Section Is one of the 
Inputs to the Complex Multipller/Accumulator. The CMAC mul¬ 
tiplies this (cos, sin) vector by an external complex vector and 
can accumulate the result. The resulting complex vectors are 
available through two 20-blt output ports which maintain the 
90dB spectral purity. This result can be accumulated Internally 
to Implement an accumulate and dump filter. 

A quadrature down converter can be Implemented by load¬ 
ing a center frequency Into the Phase/Frequency Control 
Section. The signal to be down converted Is the Vector Input 
of the CMAC, which multiplies the data by the rotating vector 
from the SIne/CosIne Section. The resulting complex output 
Is the down converted signal. 


tThls part has Its own data sheet under HSP45116A, AnswerFAX 
document no. 4156. 
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Numerically Controlled 
Oscillator/Modulator 


Features 

• NCO and CMAC on One Chip 

• 52MHz Version 

• 32-Bit Frequency Controi 

• 16-Bit Phase Modulation 

• 16-Bit CMAC 

• 0.013Hz Tuning Resoiution at 52MHz 

• Programmabie Rounding Option 

• Spurious Frequency Components < -90dBc 

• Fuiiy Static CMOS 

Applications 

• Frequency Synthesis 

• Moduiation - AM, FM, PSK, FSK, QAM 

• Demoduiation, PLL 

• Phase Shifter 

• Poiar to Cartesian Conversions 

Ordering Information 


PART NUMBER 

TEMP. 
RANGE (OC) 

HSP45116AVC-52 

0to70 



Description 

The Harris HSP45116A combines a high performance 
quadrature numerically controlled oscillator (NCO) and a 
high speed 16-bit Complex Multiplier/Accumulator (CMAC) 
on a single 1C. This combination of functions allows a com¬ 
plex vector to be multiplied by the internally generated (cos, 
sin) vector for quadrature modulation and demodulation. As 
shown In the block diagram, the HSP45116A is divided into 
three main sections. The Phase/Frequency Control Section 
(PFCS) and the Sine/Cosine Section together form a com¬ 
plex NCO. The CMAC multiplies the output of the Sine/ 
Cosine Section with an external complex vector. 

The inputs to the Phase/Frequency Control Section consist 
of a microprocessor interface and individual control lines. 
The phase resolution of the PFCS is 32 bits, which results in 
frequency resolution better than 0.013Hz at 52MHz. The 
output of the PFCS is the argument of the sine and cosine. 
The spurious free dynamic range of the complex sinusoid Is 
greater than 90dBc. 

The output vector from the Sine/Cosine Section is one of the 
inputs to the Complex Multiplier/Accumulator. The CMAC mul¬ 
tiplies this (cos, sin) vector by an external complex vector and 
can accumulate the result. The resulting complex vectors are 
available through two 20-bit output ports which maintain the 
90dB spectral purity. This result can be accumulated internally 
to implement an accumulate and dump filter. 

A quadrature down converter can be implemented by load¬ 
ing a center frequency into the Phase/Frequency Control 
Section. The signal to be down converted is the Vector Input 
of the CMAC, which multiplies the data by the rotating vector 
from the Sine/Cosine Section. The resulting complex output 
is the down converted signal. The bit position and widths for 
the outputs of CMAC and Complex Accumulator (ACC) are 
programmable. 


Block Diagram 
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Digital Down Converter 


Features 

• 75 MSPS Input Data Rate 

• 16-Blt Data Input; Offset Binary or 2’s Compliment 
Format 

• Spurious Free Dynamic Range Through Modulator 
>102dB 

• Frequency Selectivity: <0.006Hz 

• Identical Lowpass Filters for I and Q 

• Passband Ripple: <0.04dB 

• Stopband Attenuation: >104dB 

• Filter -3dB to -102dB Shape Factor: <1.5 

• Decimation from 64 to 131,072 

• iEEE 1149.1 Test Access Port 

• HSP50016-EV Evaluation Board Avaiiable 

Applications 

• Ceiiuiar Base Stations 

• Smart Antennas 

• Channelized Receivers 

• Spectrum Analysis 

• Reiated Products: HI5703, HI5746, Hi5766 A/Ds 

Ordering Information 

PART TEMP. PKG. 

NUMBER RANGE j^C) PACKAGE NO. 

HSP50016JC-52 0 to 70 44 Ld PLCC N44.65 

HSP50016JC-75 0 to 70 44 Ld PLCC N44.65 

HSP50016GC-52 OtoTO 48 LdCPGA G48.A 


Description 

The Digital Down Converter (DDC) is a single chip synthe¬ 
sizer, quadrature mixer and lowpass filter. Its input data is a 
sampled data stream of up to 16 bits in width and up to a 
75 MSPS data rate. The DDC performs down conversion, 
narrowband low pass filtering and decimation to produce a 
baseband signal. 

The internal synthesizer can produce a variety of signal 
formats. They are: CW, frequency hopped, linear FM up 
chirp, and linear FM down chirp. The complex result of the 
modulation process is lowpass filtered and decimated with 
identical real filters in the in-phase (I) and quadrature (Q) 
processing chains. 

Lowpass filtering is accomplished via a high decimation filter 
(HDF) followed by a fixed finite impulse response (FIR) filter. 
The combined response of the two stage filter results In a 
-3dB to -102dB shape factor of better than 1.5. The stop- 
band attenuation is greater than 106dB. The composite 
passband ripple is less than 0.04dB. The synthesizer and 
mixer can be bypassed so that the chip operates as a single 
narrow band low pass filter. 

The chip receives forty bit serial commands as a control 
input. This interface Is compatible with the serial I/O port 
available on most microprocessors. 

The output data can be configured in fixed point or single 
precision floating point. The fixed point formats are 16, 
24, 32, or 38-bit, two’s complement, signed magnitude, or 
offset binary. 

The circuit provides an IEEE 1149.1 Test Access Port. 
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CAUTION: These devices are sensitive to eiectrostatic discharge. Users should follow proper 1C Handling Procedures. 
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Digital Quadrature Tuner 


Features 

• Input Sample Rates to 52 MSPS 

• Internal AGC Loop for Output Level Stability 

• Parallel or Serial Output Data Formats 

• 10-Bit Real or Complex Inputs 

• Bidirectional 8-Bit Microprocessor Interface 

• Frequency Selectivity <0.013Hz 

• Low Pass Filter Configurable as Three Stage 
Cascaded-Integrator-Comb (CIC), Integrate and Dump, 
or Bypass 

• Fixed Decimation from 1-4096, or Adjusted by NCO 
Synchronization with Baseband Waveforms 

• input Level Detection for External IF AGC Loop 

• Designed to Operate with HSP50210 Digital Costas 
Loop 

• 84LeadPLCC 

Applications 

• Sateliite Receivers and Modems 

• Compiex Upconversion/Moduiation 

• Tuner for Digital Demodulators 

• Digital PLL’s 

• Related Products: HSP50210 Digital Costas Loop ; 
A/D Products HI5703, HI5746, HI5766 

• HSP50110/210EVAL Digital Demod Evaluation Board 

Ordering Information 
__ 

PART NUMBER RANGE (<>C) PACKAGE PKG. NO. 


HSP50110JC-52 

HSP50110JI-52 


84 Ld PLCC 
84 Ld PLCC 


N84.1.15 

N84.1.15 


Description 

The Digital Quadrature Tuner (DQT) provides many of the 
functions required for digital demodulation. These functions 
include carrier LO generation and mixing, baseband sampling, 
programmable bandwidth filtering, baseband AGC, and IF AGC 
error detection. Serial control Inputs are provided which can be 
used to interface with external symbol and carrier tracking 
loops. These elements make the DQT Ideal for demodulator 
applications with multiple operational modes or data rates. The 
DQT may be used with HSP50210 Digital Costas Loop to 
function as a demodulator for BPSK, QPSK, 8-PSK OQPSK, 
FSK, FM, and AM signals. 

The DQT processes a real or complex input digitized at rates up 
to 52 MSPS. The channel of interest is shifted to DC by a com¬ 
plex multiplication with the internal LO The quadrature LO is 
generated by a numerically controlled oscillator (NCO) with a 
tuning resolution of 0.012Hz at a 52MHz sample rate. The 
output of the complex multiplier is gain corrected and fed into 
identical low pass FIR filters. Each filter is comprised of a 
decimating low pass filter followed by an optional compensation 
filter. The decimating low pass filter is a 3 stage cascaded-inte- 
grator-comb (CIC) filter. The CIC filter can be configured as an 
Integrate and dump filter or a third order CIC filter with a 
(sin(X)/X)3 response. Compensation filters are provided to flat¬ 
ten the (sin(X)/X)N response of the CIC. If none of the filtering 
options are desired, they may be bypassed. The filter bandwidth 
is set by the decimation rate of the CIC filter. The decimation 
rate may be fixed or adjusted dynamically by a symbol tracking 
loop to synchronize the output samples to symbol boundaries. 
The decimation rate may range from 1-4096. An Internal AGC 
loop is provided to maintain the output magnitude at a desired 
level. Also, an input level detector can be used to supply error 
signal for an external IF AGC loop closed around the A/D. 

The DQT output is provided in either serial or parallel formats to 
support Interfacing with a variety DSP processors or digital filter 
components. This device is configurable over a general 
purpose 8-blt parallel bidirectional microprocessor control bus. 
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CAUTION: These devices are sensitive to electrostatic discharge. Users shouid follow proper 1C Handling Procedures. 
Copyright © Harris Corporation 1997 _ 


File Number 3651.3 







SEMICONDUCTOR 


January 1997 




Digital Costas Loop 


Features 

• Clock Rates Up to 52MHz 

• Selectable Matched Filtering with Root Raised Cosine 
or Integrate and Dump Filter 

• Second Order Carrier and Symbol Tracking Loop 
Filters 

• Automatic Gain Control (AGC) 

• Discriminator for FM/FSK Detection and Discriminator 
Aided Acquisition 

• Swept Acquisition with Programmable Limits 

• Lock Detector 

• Data Quality and Signal Level Measurements 

• Cartesian to Polar Converter 

• 8-Bit Microprocessor Control - Status Interface 

• Designed to work with the HSP50110 Digital 
Quadrature Tuner 

• 84LeadPLCC 

Applications 

• Satellite Receivers and Modems 

• BPSK, QPSK, 8-PSK, OQPSK, FSK, AM and FM 
Demodulators 

• Digital Carrier Tracking 

• Related Products: HSP50110 Digital Quadrature 
Tuner, D/A Converters HI5721, HI5731, HI5741 

• HSP50110/210EVAL Digital Demod Evaluation Board 


Description 

The Digital Costas Loop (DCL) performs many of the 
baseband processing tasks required for the demodulation 
of BPSK, QPSK, 8-PSK, OQPSK, FSK, AM and FM 
waveforms. These tasks include matched filtering, carrier 
tracking, symbol synchronization, AGC, and soft decision 
slicing. The DCL is designed for use with the HSP50110 
Digital Quadrature Tuner to provide a two chip solution for 
digital down conversion and demodulation. 

The DCL processes the In-phase (I) and quadrature (Q) 
components of a baseband signal which have been digi¬ 
tized to 10 bits. As shown in the block diagram, the main 
signal path consists of a complex multiplier, selectable 
matched filters, gain multipliers, cartesian-to-polar con¬ 
verter, and soft decision slicer. The complex multiplier 
mixes the I and Q inputs with the output of a quadrature 
NCO. Following the mix function, selectable matched filters 
are provided which perform integrate and dump or root 
raised cosine filtering (a ~ 0.40). The matched filter output 
is routed to the slicer, which generates 3-bit soft decisions, 
and to the carteslan-to-polar converter, which generates 
the magnitude and phase terms required by the AGC and 
Carrier Tracking Loops. 

The PLL system solution is completed by the HSP50210 
error detectors and second order Loop Filters that provide 
carrier tracking and symbol synchronization signals. In appli¬ 
cations where the DCL Is used with the HSP50110, these 
control loops are closed through a serial interface between 
the two parts. To maintain the demodulator performance with 
varying signal power and SNR, an internal AGC loop is pro¬ 
vided to establish an optimal signal level at the input to the 
slicer and to the carteslan-to-polar converter. 
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CAUTION; These devices are sensitive to electrostatic discharge. Users should follow proper 1C Handling Procedures. 
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HSP50214 


ADVANCE INFORMATION 

November 1996 Programmable Downconverter 


Features 

• UptoS2MSPSInput 

• 32-Bit Programmable NCO for Channel Selection and 
Carrier Tracking 

• Digital Resampling Filter for Symbol Tracking Loops 
and incommensurate Sample-to-Output Clock Ratios 

• Digital AGC with Programmable Limits and Slew Rate 
to Optimize Output Signal Resolution 

• Processing Capable of >100dB SFDR 

• Up to 255 Tap Programmable FIR 

• Overall Decimation Factor Ranging from 4 to 16384. 

• Output Samples Rates to = 6.5 MSPS with Output 
Bandwidths to =500kHz Low Pass 

• Serial, Parallel, and FIFO 16-Bit Output Modes 

• Cartesian-to-Polar Converter and Discriminator for 
AFC Loops and to Support Demodulation of AM, FM, 
FSK, DPSK 

• Input Level Detector for External I.F. AGC Support 

Applications 

• Single Channel Digital Software Radio Receivers 
(Wide Band or Narrow Band) 

• Base Station Receivers 

• Operate with HSP50210 Digital Costas Loop for Loop 
Filter 

• Used with HI5805 and HI5703 A/D Converters 

Block Diagram 
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Description 

The HSP50214 Programmable Downconverter converts 
digitized IF data into data which can be processed by the 
standard DSP microprocessor. At least 14 bits of dynamic 
range is maintained through the mathematical processing 
within the part. The Programmable Downconverter frees 
the DSP microprocessor from the burden of down 
conversion, decimation, narrowband low pass filtering, gain 
control, resampling, and converting the data from 
Cartesian to polar. 

The 14-bit input data is down converted by digital mixers and 
a 32-bit programmable NCO for channel selection and 
carrier tracking as shown in the Block Diagram. A decimating 
(4 to 32) fifth order CIC filter can be applied to the data 
before being processed by up to 5 decimate-by-2 halfband 
filters. The halfband filter stage is followed by a 255 tap 
programmable FIR filter. The data from the 255 tap 
programmable filter is scaled by a digital AGC before 
entering a polyphase resampling filter. The output section 
can provide data in Cartesian (l,Q), polar (R,0), or frequency 
filtered (d0/dt). 


Ordering Information 


PART 

NUMBER 

TEMP. 
RANGE (°C) 

PACKAGE 

PKG. NO. 

HSP50214VC 

0to70 

120 Ld MQFP 

0120.28x28 

HSP50214VI 

-40 to 85 

120LdMQFP 

0120.28x28 


5-54 





















laj SEMICO« 

January i4r 


HSP50306 


Digital QPSK Demodulator 


Features 

• 25.6MHz or 26.97MHz Clock Rates 

• Single Chip QPSK Demodulator with 10kHz Tracking 
Loop 

• Square Root of Raised Cosine (a s 0.4) Matched 
Filtering 

• 2.048 MBPS Reconstructed Output Data Stream 

• Bit Synchronization with 3kHz Loop Bandwidth 

• Internal Equalization for Multipath Distortion 

• 6-Bit Real input: Digitized 10.7MHz or 2.1MHz IF 

• Level Detection for External IF AGC Loop 

• 0.1s Acquisition Time 

• 10'®BER 

• <116mA on +5.0V Supply 


Applications 

• Cable Data Link Receivers 

• Cable Control Channel Receivers 

Ordering Information 


PART NUMBER 

TEMP. 
RANGE (®C) 

PACKAGE 

PKG. 

NO. 

HSP50306SC-27 

0to70 

16 Ld SOIC 

Ml 6.3 

HSP50306SC-2796 

0to70 

Tape and Reel 

HSP50306SC-25 

0to70 

16Ld SOIC 

Ml 6.3 

HSP50306SC-2596 

0to70 

Tape and Reel I 


Description 

The HSP50306 is a 6-bit QPSK demodulator chip designed 
for use In high signal to noise environments which have some 
multipath distortion. The part recovers 2.048 MBPS data from 
samples of a QPSK modulated 10.7MHz or 2.1MHz carrier. 
The chip coherently demodulates the waveform, recovers 
symbol timing, adaptively equalizes the signal to remove 
multipath distortion, differentially decodes and multiplexes the 
data decisions. A lock signal is provided to indicate when the 
tracking loops are locked and the data decisions are valid. To 
optimize performance, a gain error feedback signal is 
provided which can be filtered and used to close an I.F. AGC 
loop around the A/D converter. 

The QPSK demodulator derives all timing from CLKIN. The 
chip divides this clock by 2 to provide the sample clock for the 
external A/D converter. The -27 version operates at a clock 
input of 26.97MHz and demodulates a 10.7MHz QPSK signal 
to recover the 2048 KSPS data. The -25 version operates at a 
clock input of 25.6MHz and demodulates a 2.1MHz QPSK 
signal to recover the 2048 KSPS data. Variation from these 
CLKIN frequencies will progressively degrade the receive 
data rate, the receive IF, acquisition sweep rate, acquisition 
sweep range and loop bandwidths as the deviation increases 
from normal CLKIN. Details on the maximum allowable devia¬ 
tion are found In the Input Characteristics section. The 
HSP50306 processes 6-bit offset binary data. 4-bit data pro¬ 
vides adequate performance for many applications. 

The block diagram of the QPSK Demodulator Is shown 
below. To demodulate the data, the I.F. samples are multi¬ 
plied by sine and cosine samples from a numerically con¬ 
trolled oscillator. The digital mixer outputs are then low pass 
filtered to remove mixer products. The filtered data is then 
equalized by a 4 tap equalizer (1 precursor, one reference tap, 
and a 2 tap Decision Feedback Equalizer (DFE)) to remove 
distortion caused by multipath. The output of the equalizer is 
differential decoded and multiplexed into the output data 
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CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1C Handling Procedures. 
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December 1996 


Burst QPSK Modulator 


Features 

• 256 KBPS Data Rate and 128 KBPS Baud Rate 

• Burst QPSK Modulation 

• Programmable Carrier Frequency from 8MHz to 
15MHz With a Frequency Step Size of 32kHz 

• a = 0.5 Root Raised Cosine (RRC) Filtering For Spec¬ 
trum Shaping 

• On-Board Synthesizer 

• Programmable Output Level From 22 to 62dBmV in 
IdB Steps 

• Programmable Charge Pump Current Control 

• 62dBmV Differential Output Driver for 75Q Cable 

Applications 

• Burst QPSK Modulator 

• HSP50307EVAL1 Evaluation Board Is Available 


Ordering Information 


TEMP. PKG. 

PART NUMBER RANGE (^C) PACKAGE NO. 

HSP50307SC 0 to 70 28 Ld SOIC M28.3 


Description 

The HSP50307 is a mixed signai burst QPSK Moduiator for 
upstream CATV Applications. The HSP50307 demultiplexes 
and modulates a serial data stream onto an RF Carrier cen¬ 
tered between 8 and 15MHz. The signal spectrum is shaped 
with a = 0.5 root raised cosine (RRC) digital filters. On-chip fil¬ 
tering limits spurs and harmonics to levels below -35dBc during 
transmissions. The output power level is adjustable over a 40dB 
range in IdB steps. The maximum differential output level is 
+62dBmV into 750. A transmitter inhibit function disables the 
RF output outside the burst interval. The differential output 
amplifier interfaces to the cable via a transformer. 

The block diagram of the HSP50307 QPSK Modulator is shown 
below. The HSP50307 consists of a digital control interface, an 
l/Q generator, a synthesizer, and a quadrature modulator. 

The data clock is derived from the master clock. The 
HSP50307 demultiplexes the input data bits into in-phase 
(I) and quadrature (Q) data streams. The first bit and 
subsequent alternating bits of the burst are in-phase data. 
The two data streams are filtered, converted from digital to 
analog, and low pass filtered to produce the baseband I 
and Q analog signals. 

The baseband signals are up-converted to RF In the quadra¬ 
ture modulation section The synthesizer provides the local 
oscillator (LO) for the quadrature modulator. The frequency 
is programmable via the control interface with a resolution of 
32kHz. The output of the quadrature modulator is low pass 
filtered to remove harmonic distortion. 



CAUTION: These devices are sensitive to electrostatic discharge. Users shouid follow proper 1C Handling Procedures. 
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rco"''^‘®!«»' 4 «'- Avalanche Rated, Dual N-Channel 

January 1 ^7 LlttleFET^“ Enhancement Mode Power MOSFET 


RF1K49086 


'*33'A, 30V, Avalanche Rated, Dual N-Channel 


Features 

• 3.5A, 30V 

• rDS(ON) = O.oeoii 

• Temperature Compensating PSPICE Model 

• Peak Current vs Pulse Width Curve 

• UlS Rating Curve 

Ordering Information 


PART NUMBER 


Description 

The RF1K49086 Dual N-Channel power MOSFET is manu¬ 
factured using an advanced MegaFET process. This pro¬ 
cess, which uses feature sizes approaching those of LSI 
Integrated circuits, gives optimum utilization of silicon, result¬ 
ing in outstanding performance. It is designed for use In 
applications such as switching regulators, switching convert¬ 
ers, motor drivers, relay drivers, and low voltage bus 
switches. This device can be operated directly from inte¬ 
grated circuits. 

Formerly developmental type TA49086. 


NOTE: When ordering, use the entire part number. For ordering In 
tape and reel, add the suffix 96 to the part number, i.e. RF1K4908696. 


Packaging 


Symbol 




JEDEC MS012AA 


BRANDING DASH 



LittleFET™ is a trademark of Harris Corporation 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper ESD Handling Procedures. 
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SEMICONDUCTOR 


RF1K49088 


January 1997 


Features 


3.5A, 30V, Avalanche Rfl^d, Logic Level, Dual N-Channel 
Littl§lEET™p|nh'^cement Mode Power MOSFET 


• 3.5A, 30V ■■ 

''DS(ON) = 0.060^ ^, yil 






• Temperature Comjpms^ffng PSPICE Model 

• On-Resistance vs Gate Drive Voitage Curves 

• Peak Current vs Puise Width Curve 

• UiS Rating Curve 

Ordering information 

I PART NUMBER I PACKAGE T BRAt 


description 

RF1K49088 Dual N-Channel power MOSFET is 
manufactured using an advanced MegaFET process. This 
process, which uses feature sizes approaching those of LSI 
integrated circuits, gives optimum utilization of silicon, 
resulting in outstanding performance. It is designed for use 
in applications such as switching regulators, switching 
converters, motor drivers, reiay drivers, and low voltage bus 
switches. This product achieves full rated conduction at a 
gate bias in the 3V - 5V range, thereby facilitating true on-off 
power control directly from logic level (5V) integrated circuits. 

Formerly developmental type TA49088. 


Packaging 


Symbol 


NOTE; When ordering, use the entire part number. For ordering in 
tape and reel, add the suffix 96 to the part number, i.e. RF1K4908896. 




JEDEC MS-012AA 


BRANDING DASH 



LittleFET^^ is a trademark of Harris Corporation 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper ESD Handling Procedures. 
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SEMICONDUCT 


K49090 






January 1997 


I ntvtaW 


^B^PzS^^alanche Rated, Logic Level, Dual 
eFET^” Enhancement Mode Power MOSFET 


Features 


Description 


• 3.5A, 12V 

• rDS(ON) = 

• Temperature Compensating PSPICE Model 

• On-ResIstance vs Gate Drive Voltage Curves 

• Peak Current vs Pulse Width Curve 

• UlS Rating Curve 

Ordering information 



NOTE; When ordering, use the entire part number. For ordering in 
tape and reel, add the suffix 96 to the part number, i.e. RF1K4909096. 


The RF1K49090 Dual N-Channel power MOSFET is manu¬ 
factured using an advanced MegaFET process. This pro¬ 
cess, which uses feature sizes approaching those of LSI 
integrated circuits, gives optimum utilization of silicon, result¬ 
ing in outstanding performance. It is designed for use in 
applications such as switching regulators, switching convert¬ 
ers, motor drivers, relay drivers, and low voltage bus 
switches. This product achieves full rated conduction at a 
gate bias in the 3V - 5V range, thereby facilitating true on-off 
power control directly from logic level (5V) integrated circuits. 



CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper ESD Handling Procedures. PH^ |y)uniber 3985.5 
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S E M I C O N D 


\ RF1K49092 

12V, Avalanche Rated, Logic Level, 
^doihj^ienidhtary LittleFET** Enhancement Mode Power MOSFET 


January 1997 


Features 

• 3.5A, 12V (N-Channel) 

2.5A, 12V (P-Channel) 

• r[)S(ON) = (N-Channel) 

rDS(ON) (P-Channel) 

• Temperature Compensating PSPICE Model 

• On-Resistance vs Gate Drive Voltage Curves 

• Peak Current vs Pulse Width Curve 

• UiS Rating Curve 

Ordering Information 


Description 

The RF1K49092 complementary power MOSFET is 
manufactured using an advanced MegaFET process. This 
process, which uses feature sizes approaching those of LSI 
integrated circuits, gives optimum utilization of silicon, 
resulting in outstanding performance. It is designed for use 
in applications such as switching regulators, switching 
converters, motor drivers, relay drivers, and low voltage bus 
switches. This product achieves full rated conduction at a 
gate bias in the 3V to 5V range, thereby facilitating true 
on-off power control directly from logic level (5V) integrated 
circuits. 

Formerly developmental type TA49092. 


PART NUMBER 


Symbol 


NOTE: When ordering, use the entire part number. For ordering in 
tape and reel, add the suffix 96 to the part number, i.e. RF1K4909296. 



Packaging 


JEDEC MS.012AA 


BRANDING DASH 



LittleFET^*^ is a trademark of Harris Corporation 


CAUTION: These devices are sensitive to eiectrostatic discharge. Users shouid foliow proper ESD Handiing Procedures. 
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RF1K49093 

Rated, Logic Level, Dual 
jF^^^kncHi::MleFET™ Enhancement Mode Power MOSFET 


FeatureB^^ 

• 2.5A, 12V 

• rDS(ON) = 0’"*30Q 

• Temperature Compensating PSPfCE Model 

• On-Resistance vs Gate Drive Voltage Curves 

• Peak Current vs Pulse Width Curve 

• UlS Rating Curve 

Ordering Information 

I PART NUMBER I PACKAGE I BwS 


Description 

The RF1K49093 Dual P-Channel power MOSFET is manu¬ 
factured using an advanced MegaFET process. This pro¬ 
cess, which uses feature sizes approaching those of LSI 
integrated circuits, gives optimum utilization of silicon, result¬ 
ing in outstanding performance. It is designed for use in 
applications such as switching regulators, switching convert¬ 
ers, motor drivers, relay drivers, and low voltage bus 
switches. This product achieves full rated conduction at a 
gate bias In the 3V - 5V range, thereby facilitating true on-off 
power control directly from logic level (5V) integrated circuits. 

Formerly developmental type TA49093. 


Symbol 


NOTE: When ordering, use the entire part number. For ordering in 
tape and reel, add the suffix 96 to the part number, i.e. RF1K4909396. 



Packaging 



JEOEC MS-OmA 


BRANDING DASH 



LlttleFET^^ Is a trademark of Harris Corporation 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper ESD Handling Procedures. 
Copyright © Harris Corporation 1997 - ^. 


File Number 3969.4 


STANDARD 

PRODUCTS 












S E M I C O N D 


D -c-t 


RF1K49154 


^ .14^^2A^j50V^ €SD Rated, Avalanche Rated, Dual N-Channel 

January 1997 ttC^ f " " LittleFET« Enhancement Mode Power MOSFET 


Features 

• 2A,60V 

• rDS(ON) = 0-‘*30Q 

• 2kV ESD Protected 

• Temperature Compensating PSPICE Model 

• Peak Current vs Pulse Width Curve 

• UlS Rating Curve 

Ordering Information 


Description 

The RF1K49154 Dual N-Channel power MOSFET is 
manufactured using an advanced MegaFET process. This 
process, which uses feature sizes approaching those of LSI 
integrated circuits, gives optimum utilization of silicon, 
resulting in outstanding performance. It Is designed for use 
in applications such as switching regulators, switching 
converters, motor drivers, relay drivers, and low voltage bus 
switches. These devices can be operated directly from 
integrated circuits. 

The RF1K49154 incorporates ESD protection and is 
designed to withstand 2kV (Human Body Model) of ESD. 


Symbol 


NOTE: When ordering, use the entire part number. For ordering In 
tape and reel, add the suffix 96 to the part number, i.e. RF1K4915496. 

Formerly developmental type TA49154. 



CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper ESD Handling Procedures. 
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Avafanche Rated, Logic Level, Single 
,L N^Channet LiltleFET™ Enhancement Mode Power MOSFET 


RF1K49156 


Avalanche Rated, Logic Level, Single 


Features 

• 6.3A,30V 

• rDS(ON) = 0-030Q 

• Temperature Compensating PSPICE Model 

• On-Resistance vs Gate Drive Voltage Curves 

• Peak Current vs Pulse Width Curve 

• UlS Rating Curve 

Ordering Information 

I PART NUMBER I PACKAGE I BRAT 


Description 

The RF1K49156 Single N-Channel power MOSFET is man¬ 
ufactured using an advanced MegaFET process. This pro¬ 
cess, which uses feature sizes approaching those of LSI 
integrated circuits, gives optimum utilization of silicon, 
resulting in outstanding performance. It was designed for 
use in applications such as switching regulators, switching 
converters, motor drivers, relay drivers, and low voltage bus 
switches. This product achieves full rated conduction at a 
gate bias in the 3V - 5V range, thereby facilitating true on-off 
power control directly from logic level (5V) Integrated circuits. 

Formerly developmental type TA49156. 


Packaging 


Symbol 


NOTE: When ordering, use the entire part number. For ordering in tape 
and reel, add the suffix 96 to the part number, i.e., RF1K4915696. 


SOURCE (2) 



JEDEC MS-012AA 


BRANDING DASH 



LittleFET^*^ is a trademerk of Harris Corporation 


CAUTION: These devices are sensitive to eiectrostatic discharge. Users shouid follow proper ESD Handling Procedures. 
Copyright © Harris Corporation 1997 _ __ 
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Features 

• 6.3A,30V 

• rDS(ON) ® 0.030ft 

• Temperature Compensating PSPICE Model 

• Peak Current vs Pulse Width Curve 

• UlS Rating Curve 

Ordering Information 


PART NUMBER 

PACKAGE 

BRAND 

RF1K49157 

MS-012AA 

RF1K49157 


NOTE: When ordering, use the entire part number. For ordering in tape 
and reel, add the suffix 96 to the part number, i.e., RF1K4915796. 


Description 

The RF1K49157 Single N-Channel power MOSFET is 
manufactured using an advanced MegaFET process. This 
process, which uses feature sizes approaching those of LSI 
integrated circuits, gives optimum utilization of silicon, 
resulting in outstanding performance. It was designed for 
use in applications such as switching regulators, switching 
converters, motor drivers, relay drivers, and low voltage bus 
switches. This device can be operated directly from 
integrated circuits. 

Formerly developmental type TA49157. 


Symbol 


r — — — — — — — — ^ 
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fhche Rated, Single N-Channel 
Enhancement Mode Power MOSFET 



Packaging 

JEDEC MS-012AA 



LitlleFET^** is a trademark of Harris Corporation 


CAUTION: These devices are sensitive to eiectrostatic discharge. Users should follow proper ESD Handling Procedures. pj |0 4012.4 

Copyright © Harris Corporation 1997 
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DEVELOPMENT TOOLS 


PART NUMBER 

DEVELOPMENT TOOL 

WIRELESS COMMUNICATIONS 

PRISMTM 2.4GHz Chip Set 

PRISM1KIT-EVAL 


WLANKITPR1-EVAL 

HFA3424 

HFA3424EVAL 

HFA3524 

HFA3524EVAL 

HFA3624 

HFA3624EVAL 

HFA3724 

HFA3724EVAL 

HSP3824 

HSP3824EVAL 

HFA3925 

HFA3925EVAL 

WIRED COMMUNICATIONS 

HC5517 

HC5517EVAL 

HC-5509B 

SPICE Model Available 

HC-5513 

HC5513EVAL 

STANDARD PRODUCTS 

Data Acquisition - D/A Converters 

HI5721 

HI5721-EVP/-EVS 

HI5731 

HI5731-EVP/-EVS 

HI5741 

HI5741-EVS 

HI5780 

HI5780-EV 

HI20201 

HI20201-EV 

Data Acquisition - A/D Converters 

HI5703 

HI5703EVAL 

HI5710A 

HI5710EVAL 

HI5746 

HI5746EVAL1 

HI5800 

HI5800EVAL 

HI5804 

HI5804EVAL 

HI5805 

HI5805EVAL1 

HI5808 

HI5808EVAL1 


PRISMTM, SERINADE^** and DECI«MATEtm are trademarks of Harris Corporation. 
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Development Tools (Continued) 


PART NUMBER 

DEVELOPMENT TOOL 

Linear 

HFA1100,HFA1120 

HFA11XXEVAL, SPICE Model Available 

HFA1110 

HFA1110EVAL 

HFA3046, HFA3096, HFA3127, HFA3128 

SPICE Model Available 

HFA3600 

HFA3600EVAL 

Digital Signal Processing 

DSP Evaluation Platform 

HSP-EVAL 

HSP43124 

SERINADE^*^ Development Software 

HSP43220 

DECI^MATE"^^ Development Software 

HSP45116 

HSP45116-DB 

HSP50016 

HSP50016-EV 

HSP50110 

HSP50110/210EVAL 

HSP50210 

HSP50110/210EVAL 
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Harris Linear 


The HC-5502X/4X Teiephone Subscriber Line 
interface Circuits (SLiC) 

Author: Geoff Phillips 


Introduction 

The HC-5502X/4X family of telephone subscriber line Inter¬ 
face circuits (SLIC) integrate most of the BORSCHT functions 
of the traditional hybrid transformer interface circuits onto one 
chip. The circuits are manufactured in a 200V dielectric isola¬ 
tion (Dl) process and together with a secondary protection 
diode bridge give IkV of isolation from lightning induced faults 
between the subscriber loop and the teiephone office. 

The BORSCHT functions provided are: 

• Battery Feed With Loop Current Limiting 

• Overvoltage Protection 

• Ringing 

• Supervision/Signaiiing 

• Hybrid 

The HC-5502X is intended for use in systems utilizing single 
ended tip (positive side) injected ringing and limits the short 
loop current to 30mA; the HC-5504X is intended for use in 
ring side (negative side) injected ringing systems and will limit 
the short loop current to 40mA. it should be noted that the 
HC-5504X can also be configured to operate in switches 
employing either of the two single ended ringing methods and 
in balanced ringing systems. 


This note will describe each subfunction of the SLIC and will 
discuss several system design features, including balance 
networks and complex impedance matching. 

An Overview of the Basic Phone Loop 
And Its Environment 

Figure 1 illustrates a simplified teiephone network. Each 
subscriber is connected via a 2-wire (2W) loop to a switch 
office which provides intersubsciber loop switching and sig¬ 
nal processing (analog and/or digital). 

The SLIC is the primary interface between the 4 wire (4W) 
(ground referenced) low voltage switch environment and the 
2W (“floating”) high voltage loop environment. 

The loop consists of a wire A (the Tip wire), the telephone 
set or its equivalent, and wire B (the ring wire). A DC voltage 
is applied across the Tip and Ring wires at the line card 
which is housed In the telephone office: The battery is usu¬ 
ally a nominal -48V, and is often called the quiet or talking 
battery. When the telephone is off-hook, a DC path is estab¬ 
lished around the loop. DC loop current will flow around the 
loop from tip feed to ring feed. This is called Battery Feed. 


B 'ring LINE! 


M PPl 


RECEIVE (Rxl 
SIGNAL 


TRANSMIT (Tx) 
SIGNAL 


ONE CHANNEL OF 


SUBSCRIBER LOOP 


TWO WIRE 

i2wr 


TELEPHONE 

OFFICE 


FIGURE 1. SIMPLIFIED TELEPHONE NETWORK 
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The SLIC must be able to sense this DC current and flag the 
switch controller: This is referred to as Switch Hook Detec¬ 
tion (SHD). It tells the switch controller that the line is busy, 
and is a supervisory function. 

The subscriber set is often located very close to the switch 
office. Thus, the loop resistance will be very low and the SLIC 
should incorporate a feedback network that will limit the loop 
current to a specified maximum to prevent battery power drain 
and minimize power dissipation at the board level. The HC- 
5502X/4X SLICs sense the loop current and adjust the volt¬ 
age on the ring side of the line to cause line current saturation. 

The telephone can be rung by switching a ring relay to con¬ 
nect a ring generator to the loop. The on-off switching of the 
relay (cadencing) is controlled by the Ring Command (RC) 
input which gates the relay driver output. When the user 
answers the telephone, the ring relay is automatically 
tripped, the ring command signal is inhibited and the 2W 
loop is made ready for voice transmission. Voice signals are 
transmitted onto the loop by directly modulating the DC feed. 
This AC voice signal is coupled to the users earpiece via a 
transformer in the telephone set. Voice transmission for the 
2W to the 4W system is called the hybrid function. For 2W to 
4W transmission, the subscriber talking Into his set modu¬ 
lates the resistance of the telephone microphone. This 
causes AC current in the loop which is sensed by the SLIC 
and transmitted as a ground referenced voltage signal to the 
signal processing electronics within the switch. 

Subscriber loops are usually measured in terms of loop 
resistance. The nominal loop length is 1200Q. Owing to the 
length of the lines and their location near power lines, com¬ 
mon mode or longitudinal currents are often induced. The 
SLIC has to distinguish between these noise signals (longi¬ 
tudinal) and the transversal signals, and reject the unwanted 
longitudinal components: this is a measure of the SLICs lon¬ 
gitudinal balance. The primary noise sources are 60/50Hz 
power lines, cable cross talk, and Rp transmissions. The 
Harris SLICs will accommodate 1 SmApMS of noise currents 
on each side of the loop. 

The line is also subjected to lightning strikes. Together with 
primary and secondary protection networks, the SLIC must 
withstand 1 kV peak of lightning induced energy. In fact, the 
plastic encapsulated Harris SLIC can withstand a 1kV peak 
strike with a small signal diode bridge providing voltage 
clamping and current steering. 

The Harris HC'S502X/4X 

The HC-5502X/4X family of SLICs are primary Intended for 
use within Private Branch Exchanges (PBX) although they 
can be used in the larger switch networks found in Central 
Offices (CO). 


Figure 2 shows the functional schematic of the SLIC. The 
subfunctions to be described are: 

• Line Feed Amplifiers 

• Transversal Amplifiers 

• Loop Current Limiting: Metallic, Fault and Thermal Limiting 

• Ring Trip and Ground Key Detection 

• Spare or Uncommitted Operational Amplifier 

• Logic Network 

Line Feed Amplifiers 

The line feed amplifiers are high power op amps, and are 
connected to the subscriber loop through 300Q of feed resis¬ 
tance; the configuration is shown in Figure 3. The feed resis¬ 
tors provide a 600Q balanced load for the 2W to 4W 
transmission, and limit longitudinal currents; the two resis¬ 
tors immediately adjacent to the feed amplifiers function as 
sense resistors for 2W to 4W transmission and signalling 
purposes. 

The tip feed amplifier is configured as a unity gain non¬ 
inverting buffer. A -4V bias (derived from the negative battery 
(Vb-) in the bias network) is applied to the input of the ampli¬ 
fier. Hence, the tip feed DC level Is at -4V. The principal rea¬ 
son for this offset is to accommodate sourcing and sinking of 
longitudinal noise currents up to ISmApi^S without saturat¬ 
ing the amplifier output. The tip feed amplifier also feeds the 
ring feed amplifier, which is configured as a unity gain Invert¬ 
ing amplifier as seen from the TF amplifier. The noninverting 
input to the Rp amp is biased at a VB-/2. Looking into this 
terminal the amplifier has a noninverting gain of 2. Thus, the 
DC output at ring feed is: 

Vrf(DC) = (4 + Vb-) Volts 

For a -48V battery, Vrf = -44V. Hence, the nominal battery 
feed across the loop provided by the SLIC Is 40V. When the 
subscriber goes off-hook this DC feed causes current 
(metallic current) to flow around the loop. 

The received audio signal Vrx from the switch is fed into the 
tip feed amplifier and appears at the TF terminal. It is also 
fed through the ring feed amplifier and is inverted. Thus, a 
differential signal of 2Vrx appears across the line: for a 
600Q line this compensates the 6dB loss due to the 600Q of 
line feed resistance. The Vrx signal causes AC audio cur¬ 
rents to flow around the loop which are then AC coupled to 
the earpiece of the telephone set. Figure 4 shows the single 
ended AC equivalent circuit of the subscriber loop for voice 
transmission. In the general case the signal design equation 
for 4W to 2W transmission is given by: 

Zmk 


''LINE = 


600 + Zline 


x2V| 


RX 
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FIGURE 3. LINE FEED AMPLIFIERS 


Voice signals on the loop are transformed by the TA Into 
ground referenced signals as shown by the above equations. 
Since the TA output has a DC offset It is necessary to AC 
couple the output to any external circuitry. Note, that during 
4W to 2W transmission, the transversal amplifier will have an 
audio signal at its output proportional to the 4W audio 
receive signal and the loop’s equivalent AC impedance. This 
is called the transhybrid return, and must be cancelled (or 
balanced) out to prevent an echo effect. This is discussed 
more fully in Transhybrid Balancing. 

Loop Current Limiting 

The nominal loop length is equivalent to an 1800Q load 
across the feed amplifiers. However, on a short loop the line 
resistance often approaches zero. Thus, a need exists to 
control the maximum DC loop current that can flow around 
the loop to prevent an excessive current drain from the sys¬ 
tem battery. This limit is typically specified between 30mA 
and 40mA for general PBX applications. Figure 5 depicts the 
feedback network that modifies the Rp voltage as a function 
of metallic current. Figure 6 illustrates the loop current char¬ 
acteristics as a function of line resistance. 



FIGURE 4. SINGLE ENDED AC SIGNAL EQUIVALENT CIRCUIT 

The Transversal Amplifier (TA) 

Whereas the feed amplifiers perform the 4W to 2W transmis¬ 
sion function, the transversal amplifier acts as the 2W to 4W 
hybrid. The TA is a summing amplifier configured to reject 
common mode signals. It will thus reject 2W common mode 
signals. Figure 4 shows the single ended signal transmission 
path. Given below is the design equation of the 2W to 4W 
signal transmission path. Given below is the design equation 
of the 2W to 4W signal transmission. It can be seen that RB2 
and RB4 act as loop current sense resistors, and that the 
voice signal output of the amplifier is a function of the differ¬ 
ential voltages appearing across RB2 and RB4. 

Thus, the transversal amplifier also has a DC output propor¬ 
tional to the metallic current in the loop. The output voltage is 
given by: 

VtX = 2{ItIP + ipiNG) (Rb2 + ^64) 

where ijip and I ring assumed positive as indicated in 
Figure 1. This DC level is used as an input to a comparator 
whose output feeds into the logic circuitry as SH. This signal 
is used to gate SHD. 


FIGURE 5. LOOP CURRENT LIMIT CONTROL 

As indicated above, the TA has a DC voltage output directly 
proportional to the loop current. This voltage level is scaled 
by R19 and R18. The scaled level forms the ‘Metallic’ input 
to one side of a Transconductance Amplifier. The reference 
input to this amplifier is generated in the bias network, and 
is equivalent to 30mA or 40mA loop current, typically, for 
the HC-5502X and HC-5504X, respectively. When the 
metallic input exceeds the set reference level, the transcon¬ 
ductance amplifier sources current. This current will charge 
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C3 in positive direction causing the Rp (Ring Feed) voltage 
to approach the TF (Tip Feed), effectively reducing the bat¬ 
tery feed across the loop which will limit the DC loop cur¬ 
rent. C3 will continue to charge until an equilibrium level is 
attained at Iloop = •loop MAXmA. The time constant of 
this feedback loop is set by R21 (90k^2) and C3 which Is 
nominally 0.33pF. 


■loop 

(mA) 



FIGURE 6. DC LOOP CURRENT CHARACTERISTICS 

The Rp voltage level is also modified to reduce or control 
loop current during ring line faults (e.g. ground or power line 
crosses), and thermal overload. Figure 2 Illustrates this. It 
can be seen that the thermal and fault current circuitry works 
in parallel with the transconductance amplifier. 

Longitudinal Amplifier 

The longitudinal amplifier is an op amp configured as a 
closed loop differential amplifier with a nominal gain of 0.1 
(HC-5504X) or 0.581 (HC-5502X). The output is a measured 
of any imbalance between ITIP and IRING as described in 
Figure 1. The transfer function of this amplifier is given by: 

VlONG = K(*TIP ■ IrING) *• 50 

Where K Is the gain factor of the amplifier. The gain factor is 
much less than one since ring voltage (up to 1 SOVpp^K) can 
appear at the Ring or Ring Feed Sense terminals and are 
attenuated to protect the amplifier. 

The longitudinal amplifier’s principal functions are Ring Tip 
Detection (RTD) and Ground Key Detection (GKD). GKD 
provides a means for the subscriber to flag a PBX atten¬ 
dant and is used extensively in Europe. The ring line is 
grounded at the telephone set via a push switch incorpo¬ 
rated within the telephone. This causes a DC current imbal¬ 
ances between the tip and ring sides of the loop which 
gives rise to a negative voltage at the output of the longitu¬ 
dinal amplifier. The output of the amplifier after being fil¬ 
tered by R20 and C4 to attenuate AC signals is fed into a 
detector whose output GK gates the necessary logic to 
drive GKD or Inhibit the ring relay driver to remove ringing 
signals from the line in an off-hook condition. In order to 
prevent false ground key owing to line noise or during ring 
trip, the Internal GKD logic is delayed via C2. An internal 


current source of 5pA has to change C2 up to a 5V level 
before allowing the ground key signal to propagate. Thus, 
for C2 = 0.15^F, a delay of 150ms is established. 

Ringing the line and Ring Trip Detection are discussed more 
fully in the following section, Designing with the Harris SLIC. 

Uncommitted Op Amp 

An uncommitted op amp is provided on the chip. This is a 
standard op amp with an output swing of ±5V. It Is primarily 
Intended to be used to balance the transhybrid return signal 
discussed In The Transversal Amplifier (TA) section. The 
amplifier has an offset voltage of lOmV; an open loop gain of 
66dB; a GBW product of 2MHz; slews at 1 V/ps typically, and 
has a ±2mA output current drive capability. 

The Logic Network 

The logic network utilizes I^L logic. All external inputs and 
outputs are LS TTL compatible: the relay driver is an open 
collector output that can sink 60mA with a Vqe of IV. 

Figure 7 is a schematic of the combination logic within the 
network. The external Inputs RC (Relay Control) and PD 
(Power Denial) allow the switch controller to ring the line or 
deny power to the loop, respectively. The Ring Synchroniza¬ 
tion input (RS) facilitates switching of the ring relay near a 
ring current zero crossing in order to minimize inductive kick- 
back from the telephone ringer. 

The internal inputs SH and GK control ring trip and provide 
supervisory flags to the system controller via the Switch 
Hook Detect (SHD) and Ground Key Detect (GKD) outputs. 

Designing with the Harris SLIC 

General application circuits for the HC-5502X and HC- 
5504X SLICs are given in Figures 8 and 9. In this section, 
several specific design and application areas will be dis¬ 
cussed: 

• Ringing the Line 

• Power Denial 

• Transhybrid and Longitudinal Balance 

• Complex Impedance Matching 

• Surge Protection 

Ringing The Line 

The HC-5502X is used for tip injected ringing (also called 
single ended ground referenced ringing), and the HC-5504X 
Is used for ring Injected or single ended battery referenced 
ringing. Figures 10 and 11 show the two different ringing 
schemes. Note, that the HC-5504X can be used for either of 
the single ended ringing schemes: to use the HC-5504 for tip 
injected ringing the Ring Feed Sense (RFS) and Rp pins are 
permanently connected externally, and the scheme shown in 
Figure 10 adopted. 
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SCHOTTKY LOGIC 


FIGURE 7. HC-5502X/04 LOGIC GATE SCHEMATIC 
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Typical Component Values 

Ci =0.5^F (Note1) 

C 2 = 0.15)iF, 10V 
C 3 = 0.3)iF, 30V 

C 4 = 0.5|xF to 1.0)iF, 10%, 20V (Should be nonpolarized) 
C 5 = 0.5pF, 20V 

Ce = C 7 = O.SpF (10% Match Required) (Note 2), 20V 
C 8 = 0.01pF, 100V 
C 9 = 0.01 pF, 20V, 20% 


= R 2 = R 3 = lOOkQ (0.1% Match Required, 1% absolute 
value), ZB = 0 for 600i2 Terminations (Note 2) 

RBI = RB2 = RB3 = RB4 = 150i2 (0.1% Match Required, 
1 % absolute value) 

Rs = IkQ, Cs = 0.1 pF, 200V typically, depending on Vring 
and line length. 

Zi = 150V to 200V transient protection, PTC used as ring 
generator ballast. 


1. Cf is an optional capacitor used to improve Vb+ supply rejection. This pin must be left open if unused. 

2. To obtain the specified transhybrid loss it is necessary for the three legs of the balance network, Ce-Ri and Rg and C7-ZB-R3, to match 
in impedance to within 0.3%. Thus, if Ce and C7 are IpF each, a 20% match is adequate. It should be noted that the transmit output to 
Ce sees a -22V step when the loop is closed. Too large a value for Ce may produce an excessively long transient at the op amp output 
to the PCM Fllter/CODEC. 

A O.SpF and 100k£2 gives a time constant of 50ms. The uncommitted op amp output is internally clamped to stay within ±5.5V and also 
has current limiting protection. 

3. Secondary protection diode bridge recommended is a 2A, 200V type. 

4. All grounds (AG, BG, and DG) must be applied before Vb+ or Vb-. Failure to do so may result in premature failure of the part. If a user 
wishes to run separate grounds off a line card, the AG must be applied first 


FIGURE 8. HC-5502X LINE APPLICATION CIRCUIT 
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Typical Component Values 

C 2 = 0.15^F, 10V 
C 3 = 0.3^F, 30V 

C 4 = 0.5|xF to 1 .OtiF, 10%, 20V (Should be nonpolarized) 
C 5 = 0.5pF, 20V 

Ce = C 7 = 0.5[lF (10% Match Required) (Note 6 ) 

Cb = 0.01 pF, 100V 
09 = 0.01 pF, 20V, 20% 


R.j = R 2 = R 3 = 100k (0.1% Match Required, 1% absolute 
value) ZB = 0 for 600^2 Terminations (Note 6 ). 

Rbi = Rb 2 = Rb 3 = ^B4 = ‘•SOfli (0.1% Match Required, 1% 
absolute value). 

Rsi = Rs 2 typically. 

Csi = Cs 2 = 0.1 pF, 200V typically depending on Vrjnq and 
line length. 

Z-\ = 150V to 200V transient protection. 

PTC used as ring generator ballast. 


NOTES: 

5. Secondary protection diode bridge recommended is a 2A, 200V type. 

6 . To obtain the specified transhybrid loss it is necessary for the three legs of the balance network, Ce-R^ and R 2 and C 7 -ZB-R 3 , to match 
In impedance to within 0.3%. Thus, If Ce and C 7 are ImF each, a 20% match is adequate. It should be noted that the transmit output to 
Ce sees a -227 step when the loop is closed. Too large a value for Ce may produce an excessively long transient at the op amp output 
to the PCM Filter/CODEC. 

A 0.5pF and lOOkQ gives a time constant of 50ms. The uncommitted op amp output is internally clamped to stay within ±5.5V and also 
has current limiting protection. 

7. All grounds (AG, BG, and DG) must be applied before Vb+ or Vb-. Failure to do so may result In premature failure of the part. If a user 
wishes to run separate grounds off a line card, the AG must be applied first. 

8 . Application shows Ring Injected Ringing, Balanced or Tip injected configuration may be used. 

9. Pin numbers given for DIP/SOIC package. 


FIGURE 9. HC-5504X LINE APPLICATION CIRCUIT 
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* RC SNUBBER PLACED ACROSS N.C. CONTACTS 


FIGURE 12. HC-5504X BALANCED RINGING CONFIGURATION 


The Ring Command (RC) input is taken low during ringing. 
This activates the ring relay driver (RR) output providing the 
telephone is not off-hook or the line is not In a power denial 
state. The ring relay connects the ring generator to the sub¬ 
scriber loop. The ring generator output is usually an 
SOVrms, 20Hz signal. For use with the Harris SLIC, the ring 
signal should not exceed 150V peak. Since the telephone 
ringer is AC coupled only ring current will flow. For the HC- 
5502X SLIC, the ring current is sunk by the ring feed ampli¬ 
fier output stage whereas for the HC-5504X the ring path 
flows directly Into Vr. via a set of relay contacts. The high 
impedance terminal RFS exists on the HC-5504X so that the 
low impedance Rp node can be isolated from the hot end of 
the ring path in the battery referenced ring scheme. 

The AC ring current flowing In the subscriber circuit will be 
sensed across RB4, and will give rise to an AC voltage at the 
output of the longitudinal amplifier. R20 and C4 attenuate 
this signal before it reaches the ring trip detector to prevent 
false ring trip. C4 is nominally set at 0.47|xF but can be 
Increased towards IpF for short lines or if several tele¬ 
phones are connected in parallel across the line in order to 
prevent false or Intermittent ring trip. 

When the subscriber goes off-hook, a DC path is established 
between the output winding of the ring generator and the 
battery ground or Vr. terminal. A DC longitudinal imbalance 
is established since no tip feed current is flowing through the 
tip feed resistors. The longitudinal amplifier output is driven 
negative. Once it exceeds the ring trip threshold of the ring 
trip detector, the logic circuitry Is driven by GK to trip the ring 
relay establishing an off-hook condition such that SHD will 
become active as loop metallic current starts to flow. 


In addition to its ability to be used for tip or ring injected sys¬ 
tems, the HC-5504 can also be configured for systems utiliz¬ 
ing balanced ringing. Figure 12 shows such an application. 
The main advantage of balanced ringing is that it tends to 
minimize cross coupling effects owing to the differential 
nature of the ring tone across the line. 

Figure 13 illustrates the sequence of events during ring trip 
with ring synchronization for a tip Injected ring system. Note, 
that owing to the 90° phase shift introduced by the low pass 
filter (R20, C4) the RS pulse will occur at the most negative 
point of the attenuated ring signal that is fed into the ring trip 
detector. Hence, when DC conditions are established for 
RTD, the AC component actually assists ring trip taking 
place. For a ring side injected ring system, the RS pulse 
should occur at the positive zero crossing of the ring signal 
as it appears at RFS. If ring synchronization is not used, 
then the RS pin should be held permanently to a logic high 
of 5V nominally: ring trip will occur asynchronously with 
respect to the ring voltage. Ring trip is guaranteed to take 
place within three ring cycles after the telephone going off- 
hook. 

It is recommended that an RC snubber network is placed 
across the ring relay contacts to minimize inductive kick- 
back effects from the telephone ringer. Typical values for 
such a network are shown in Figure 9. 
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RING SUBSCRIBER GOES 
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BETWEEN ITIP AND IrinG 


FIGURE 13. RING TIP SEQUENCE 

Power Denial (PD) 

Power denial limits power to the subscriber loop: it does not 
power down the SLIC, i.e. the SLIC will still consume its nor¬ 
mal on-hook quiescent power during a power denial period. 
This function is intended to “isolate” from the battery, under 
processor control, selected subscriber loops during an over¬ 
load or similar fault status. 

If PD is selected, the logic circuitry inhabits RC and switches 
in a current source to C3. The capacitor charges up to a 
nominal -3.5V at which point it is clamped. Since TF Is 
always biases at -4V, the battery feed across the loop is 
essentially zero, and minimum loop power will be dissipated 
if the circuit goes off-hook. No signalling functions are avail¬ 
able during this mode. 

After power denial is released (PD = 1), it will be several 
hundred milliseconds (300ms) before the Rp output reaches 
its nominal battery setting. This is due to the RC time con¬ 
stant of R21 and C3. 


Transhybrid Loss and Longitudinal 
Balance 

During 4W to 2W transmission, the 4W signal is returned to 
the transmit output: this is called transhybrid return: it is not a 
reflection from the line as it will only occur if the loop Is closed. 
In order to prevent echo and instability in the switch, this 
returned signal must be balanced out before it reaches the fii- 
ter/CODEC. The level of the returned signal Is given below, 
and a balancing network utilizing the on-chip spare op amp is 
indicated in Figure 14. Since the returned received signal’s 
amplitude and phase are a function of the line’s AC Imped¬ 
ance, the balance network is a function of the same. 

For a resistive line, the two arms of the balance network 
(Figure 14) are also resistive. In the simplest case, for a 
600Q system, the two parts of the summing network have 
equi-resistance values. For a transhybrid balance greater 
than 36dB, component tolerances of ±0.5% are recom¬ 
mended. Both arms of the summing network are capacitively 
coupled since the TA and TF amplifiers have output and 
input D.C. biases, respectively. The values of the capacitors 
are chosen to prevent degradation of the audio frequency 
response. For capacitive values of 0.5|iF, components with 
tolerances of 10% can be used since at voice band frequen¬ 
cies the reactance of the capacitor has minimal effect on the 
impedance of the balance network. 

The transhybrid returned signal Is given by: 

nx - Vrx (2R + Zl) 

where R = (Rb*| + Rbz) = (Rb3 + ^84)* ^i^cl Zl = Line Imped- 


For the balance network, the general equation is given by: 

Zb = 2R + Zl with R1 = 4R in Figure 14. 

A full derivation of the balance equation is given in Appendix 1. 
A measure off this balance is known as transhybrid loss. For a 
600Q resistive line, a balance of 40dB at 1kHz is attainable. In 
practice owing to variations in lines and telephone sets the bal¬ 
ance is usually lower than in the ideal case: A balance in the 
order of 25dB will often be measured and accepted. 

By switching out the balance network, it is possible for the 
controller to conduct loop back tests providing the loop can 
be closed via a test relay in the line card. 

Longitudinal balance is equivalent to common mode rejection 
ratio. Looking into the line card tip and ring terminals towards 
the SLIC, the 2W balance is a function of the impedance 
match between tip and ring to ground. The 4W balance is a 
function of the 2W balance, and the matching of the feedback 
resistor ratios around the transversal amplifier. (The TA itself 
must also exhibit a CMRR in excess of the required longitudi¬ 
nal balance.) The SLIC user can only control the matching of 
the feed resistors. For a nominal 60dB of rejection, these must 
match within 0.1%. The on-chip resistors are thin film SiCr 
resistors and are matched within 0.1%. The amplifier has a 
CMRR of 70dB giving a typical 4W balance of 60dB. 
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h^' 



Zb * R1 WHERE Rb = 150 

\ 8Rb / 


IFZl-4Rb (i.e. 60012 LINE) 


IN GENERAL CASE IF R1 IS SCALED TO R1 <= 8KRb 
2b-K|4Rb + Zl>WHERE K* 10, -^100 


FIGURE 14. sue TRANSHYBRiD BALANCE EQUATIONS 


Complex Impedance Matching 

The sue is usually used in systems that have a line charac¬ 
teristic impedance of 600Q resistive. Thus, the 4 x 150£2 
feed resistors present a balanced 600U load to the line, if 
the characteristic impedance of the line varies from 600U 
but remains resistive, then this can be compensated for by 
increasing or decreasing the value of Rbi and Rb 3 . For 
example, if the line is defined as 900Q resistive, then Rbi 
and Rb3 couid be increased to 300n each and the iine will 
be matched. The increase in feed resistance could impact 
the DC performance on long iines. 

In cases of iines having a complex characteristic impedance, 
the sue circuit can be configured to adequately match the 
iine. Figure 15 shows a typical equivalent line impedance as 
defined in many European countries. Figure 16 illustrates 
the circuitry required to match and balance such a iine. The 
component design equations are given in Appendix A along 
with a qualitative description of the circuit to explain its oper¬ 
ation. 

For the equivalent impedance shown in Figure 15, it can be 
seen that at low frequencies, the impedance wili increase and 
become more resistive. As the voice frequency increases, the 
reactance of Cl decreases, thus the line impedance wiil also 
decrease. In order to match the line impedance, a feedback 
network is required that provides iow frequency positive feed¬ 
back and high frequency negative feedback. The scheme of 
Appendix A does this. 


R1L,820n 


R2L,220n 



FIGURE 15. RING TIP SEQUENCE 

The degree of match over the voice band is a function of the R 
and C component toierances and the degree of approximation 
to their theoretical values. The curves in Figure 16 show typi¬ 
cal matching characteristics. The objective is to maximize the 
2W return loss. Some vaiues are indicated in Figure 16. 

For complex impedance appiications a certain amount of cir¬ 
cuit optimization wiil be required by the user in order to 
obtain an adequate 2W return ioss performance and a satis¬ 
factory transmit frequency response. 
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CALCULATED RETURN LOSS FOR SLiC TRANSFORM 
AT300H>R.L«27dB 
ATUHz R. L.«27dB 
AT 3.5kHz R.L.-17.SdB 


• = THEORETICAL |Z| 
k = SLiC TRANSFORM |Z| 
0= PASSIVE NETWORK |Zi 


FIGURE 16. IZI vs FREQUENCY 


Line Fault Protection 

The subscriber loop can exist in a very hostile electrical envi¬ 
ronment. It is often in close proximity to very high voltage 
power lines, and can be subjected to lightning induced volt¬ 
age surges. The SLIC has to provide isolation between the 
subscriber loop and the telephone office. Methods for deal¬ 
ing with longitudinally induced power frequency currents and 
excessive DC line current have been discussed. 

The most stringent line fault condition that the SLiC has to 
withstand is that of the lightning surge. 

The Harris monolithic SLIC in conjunction with a simple low 
cost diode bridge can achieve up to IkV of Isolation between 
the loop and switch office. The level of isolation is a function 
of the packaging technology and geometry together with the 
chip layout geometries. One of the principal reasons for 
using Di technology for fabricating the SLIC is that it lends 
Itself most readily to manufacturing monolithic circuits for 
high voltage applications. 

Figures 8 and 9 show general application circuits for the HC- 
5502X and HC-5504X SLICs. A secondary protection diode 
bridge is indicated which protects the feed amplifiers during 
a fault. Figure 18 Illustrates more clearly the fault current 
paths during a lightning or transient high voltage strike. Most 
line systems will have primary protection networks. They 
often take the form of a carbon block or arc discharge 
device. These limit the fault voltage to 500V - 1000V peak 
before it reaches the switch line cards. Thus when a tran¬ 
sient high voltage fault has occurred, it will be transmitted as 
a wave front down the line. The primary protection network 
limits the voltage to 500V to 1000V. The attenuated wave 
front will continue down the line towards the SLIC. The feed 


amplifier outputs appear to the surge as very low Impedance 
paths to the system battery. Once the surge reaches the 
feed resistors, fault current will flow into or out of the feed 
amplifier output stages until the relevant protection diodes 
switch on. Bench measurements have indicated peak fault 
currents of up to 150mA into and out of the SLIC during the 
finite turn on time of the diode bridge. Once the necessary 
diodes have started to conduct all the fault current will be 
handled by them. The geometry of the SLIC and its package 
has been designed to withstand the full rated peak fault volt¬ 
age at its tip (T) and ring (R) terminals: for ceramic packages 
this is 500V peak, and for plastic (or epoxy) packaged SLICs 
this is 1000V peak. The circuits are rated against standard 
lightning characteristics defined by Figure 19. The ceramic 
package contains an air gap whereas the plastic packages 
contain no void. The dielectric constant of air is lower than 
that of the epoxy and it is this which breaks down at lower 
voltages than the plastic compound. 

if the user wishes to characterize SLIC devices under simu¬ 
lated high voltage fault conditions on the bench, he should 
ensure that the negative battery power supply has sufficient 
current capability to source the negative peak fault current 
and low series inductance. If this is not the case, then the bat¬ 
tery supply could be pulled more negative and destroy the 
SLIC if the total (Vb+ + Vb-) voltage across it exceeds 75V. 
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RGURE17. TWO WIRE - FOUR WIRE TRANSMISSION 


INDUCED 



FIGURE 18. FAULT PROTECTION 
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Appendix A 


COMPLEX LINE IMPEDANCE MATCHING WITH SLIC 



FIGURE A1. TWO TO FOUR WIRE TRANSMISSION. SINGLE ENDED AC EQUIVALENT dRCUIT OF SUBSCRIBER LOOP. 

Consider Figure A1. Assume Vrx = 0. 

(2W to 4W transmission). At match: 

i - ^ ^ 

s " 2Zo 2o 
Zo = 2Rp + Zo' 

Zo- = ^ 

•s 

Vo = Zo’is = isZo-2igRp 

butVm = igZo; .-.Vo = Vm-2igRp (EQ. 1) 


Vs = LRp, .-.Vs = 


(2Rp + Zo') 


(2Rp + Zo') 

••• Vm = (l5Rp)-- 

(2) in (1) for Vm, and Zo = 2Rp + Zo' 


This matching equation can be realized as shown in Figure A2. 
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FIGURE A2. FOUR WIRE TO TWO WIRE TRANSMISSION 
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Transhybrid Balance 

Consider Figure A3. Evaiuate Vjx in terms of Vrx, in order 
to establish transhybrid balance equation. 

For generai case, iet iine transhybrid impedance be Zr. 

r Mm Vtvt 


fv 4 .Vm.''TXl 

[Vrx + -^ + - 2 -J 


'''" = -2Vs = 2p^xV0 


Vrx-EQUATION 5. 


^RX-2(2Rp + Zb)''^° 



From Equation 3: 

y _ rvo ^ JIjre] 

rZB+Zo] 

--[aRp+ZgJ’"''® 

—(Zq + Zo) 

''RX = 2(2^"''° <“-5) 

Compare Equations 4 and 5: we need to scaie Equation 5 by: 
^“(zg^Zo) 

in order to equate to Equation 4. 


Transhybrid baiance can be achieved using simpie summing 
ampiifier network. 

If Zb - Zo then Equation 5 becomes: 

Vrx = (2^^ X VO (EQ.6) 

and Equation 4 becomes: 

Vtx = 23^725’'VO (EQ.7) 

Vjx = -Vrx and TH baiance is achieved using a resistive 
summing amp network. The compiete appiication circuit is 
shown in Figure A4. 



r 


1" 



1 RB3 

RB4 


VTX 

*K2RF 


' Rp = Rb2 +1^84 



TRANS HYBRID 
BALANCE 


FROM PCM 
FILTER 



CODEC/FILTER 
TRANSMIT OP-AMP 



FIGURE A4. APPLICATION OF SECOND LINE IMPEDANCE MATCHING ALGORITHIM 
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Using Ring Sync with HC-5502A and HC-5504 SLiCs 

Author: Dave Donovan 


Introduction 

The ring synchronization (sync) input pin is a TTL compati¬ 
ble clock input in both the HC-5502A and HC-5504 SLICs. 
It’s purpose is to insure that the ring relay is activated or 
deactivated only when the instantaneous AC ring voltage, 
which may be as high as 150V peak, is at or near AC zero 
crossing. 

If ring sync is not used, it must be tied high to insure proper 
ring trip. When used, it is important to consider at which zero 
crossing of the AC ring voltage, positive or negative, the ring 
sync signal must be synchronized with. Subsequent illustra¬ 
tions and equations highlight this consideration. 

For detailed description of the ring trip sequence of events, 
refer to Application Note 549 by R G. Phillips. Excerpts from 
the pertinent section are included below. 

Ring Trip Sequence 

The Ring Command (TO) Input is taken low during ringing. 
This activates the ring relay driver (TO) output providing the 
telephone is not off-hook or the line is not in a power denial 
state. The ring relay connects the ring generator to the sub¬ 
scriber loop. The ring generator output is usually an 
80 Vrms» 20Hz signal. For use with the Harris SLIC, the ring 
signal should not exceed 150V peak. Since the telephone 
ringer is AC coupled, only ring current will flow. For the HC- 
5502A SLIC, the ring current is sunk by the ring feed ampli¬ 
fier output stage whereas for the HC-5504 the ring path 
flows directly into Vr- via a set of relay contacts. The high 
impedance terminal RFS exists on the HC-5504 so that the 
low impedance RF node can be isolated from the hot end of 
the ring path in the battery referenced ring scheme. 

The AC ring current flowing in the subscriber circuit will be 
sensed across RB4, and will give rise to an AC voltage at the 
output of the longitudinal amplifier. R19 and C4 attenuate 
this signal before it reaches the ring trip detector to prevent 
false ring trip. C4 is nominally set at 0.47p,F but can be 
increased towards IpF for short lines or if several tele¬ 
phones are connected in parallel across the line in order to 
prevent false or intermittent ring trip. 

When the subscriber goes off-hook, a DC path is established 
between the output winding of the ring generator and the 
battery ground or Vr- terminal. A DC longitudinal imbalance 
is established since no tip feed current is flowing through the 


tip feed resistors. The longitudinal amplifier output is driven 
negative. Once it exceeds the ring trip threshold of the ring 
trip detector, the logic circuitry is driven by GK to trip the ring 
relay establishing an off-hook condition such that SHD will 
become active as loop metallic current starts to flow. 

Figure 1 illustrates the sequence of events during ring trip 
with ring synchronization. Note, that owing to the 90^ phase 
shift introduced by the low pass filter (R19, C4) the RS pulse 
will occur at the most negative point of the attenuated ring 
signal that is fed into the ring trip detector. Hence, when DC 
conditions are established for RTD, the AC component actu¬ 
ally assists ring trip taking place. If ring synchronization is 
not used, then the RS pin should be held permanently to a 
logic high of 5V nominally: ring trip will occur asynchronously 
with respect to the ring voltage. Ring trip is guaranteed to 
take place within three ring cycles after the telephone going 
off-hook. 



FIGURE 1. RING TRIP SEQUENCE 
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Case 1: HC-5502A Tip Injected Ringing 

Vla = (Iring ■ 'tip) (RB4) (K) 

(During Ringing Ijip = 0) 

Vla = (Iring) (RB4) (K) 

•ring = (Vrf • Vring)/RB4 
VlA = (Vrf - Vring) k 


Case 2: HC-5504 Ring Injected Ringing 

Vla = (Iring-Itip) (RB4) (K) 

(During Ringing Ijip = 0) 

Vla = (Iring)(RB4)(K) 

Iring = (Vrfs - Vring)/bb4 
Vla = (Vrfs - Vring) k 


RING FEED 
AMPLIFIER 


TO SUBSCRIBER Vring 
LOOP 


s. 


jL 

^S^Vla R19 



K 

Vc4 



C4EXT. 


LONGITUDINAL 

1 i 1 

AMPLIFIER 

-j- f ■ 


L0N6ITU0INAL 

AMPLIFIER 


RS SYNCHRONIZED WITH 

--7-NEGATIVE ZERO CROSSING 

OF RING SIGNAL 

vla“<vrf-Vring) 


FROM EQUATION, 
" Vla is NEGATIVE 




RS SYNCHRONIZED WITH 
' POSITIVE ZERO CROSSING 
OF RING SIGNAL 


Vring 

yVLA = (Vrfs-Vring) 


FROM EQUATION, 

vla is positive 


900 phase SHIFT 
* FROM C4 


For Case 1, refer to Figures 2 and 3. In this situation the 
desired result is obtained, namely, that ring sync occurs dur¬ 
ing the negative peak of Vq 4 . This helps achieve ring trip 
faster because, once a subscriber goes off-hook, a negative 
DC shift is observed at Vc 4 . This shift approaches a com¬ 
parator threshold in the ring trip detection circuit. If the nega¬ 
tive peak of Vc 4 (AC) precedes the negative going DC shift 
at Vc 4 , one can achieve ring trip in a shorter time frame. 
Also this configuration allows ring trip to occur for long lines, 
in the order of 3000Q. At these line lengths, the DC negative 
shift will never reach the threshold because there is not 
enough DC current through the sense resistor, RB4. How¬ 
ever, the negative peak of Vc 4 (AC) will cross the ring trip 
detector comparator threshold and ring trip will occur. 

Conclusion 1: For this case make sure ring sync is syn¬ 
chronized with the negative zero crossing of VpifsiQ as it 
appears on the line. 


900 PHASE SHIFT 
‘ FROM C4 


For Case 2 refer to Figures 4 and 5. Here ring sync must be 
synchronized with the positive zero crossing of Vrinq (AC) 
as it appears on the line so as to coincide with the negative 
peak of Vc 4 (AC), as in the previous case. One can see from 
Figure 5 that ring sync on the negative zero crossing would 
coincide with the positive peak of Vc 4 , inhibiting ring trip for 
loops greater than approximately 800^2. 

Conclusion 2: For this case make sure ring sync is syn¬ 
chronized with the positive zero crossing of Vrinq (AC.). 

For all other ring configurations, namely, tip injected and bal¬ 
anced ringing for the HC-5504, If ring sync is used, it must be 
synchronized with the negative zero crossing of VR||y|G(AC). 
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The HC-5560 Digital Line Transcoder 

Author: David J. Donovan 


Introduction 

The Harris HC-5560 digital line transcoder provides mode 
selectable, pseudo ternary line coding and decoding schemes 
for North American and European transmission lines. Coding 
schemes Include Alternate Mark Inversion (AMI), Bipolar with 
N Zero Substitution (BNZS), and High Density Bipolar 3 
(HDB3), used for transmission lines as follows: 

AMI: North American T1 (1.544MHz) and 
TIC (3.152MHz) lines 

B6ZS: North American T2 (6.3212MHz) lines 

B8ZS: North American T1 (1.544MHz) lines 

HDB3: European PCM30 (2.048 and 8.448MHz) 

CEPT lines. Recommended by CCITT 

The transcoder is a single chip, single supply device fabri¬ 
cated with standard ceil CMOS. Features include simulta¬ 
neous coding and decoding, asynchronous operation, loop 
back mode, transmission error detection, an alarm indication 
signal, and a full chip reset. 

This application note will describe why coding for digital trans¬ 
mission is necessary, the types of coding, which is best, and 
why, and the functionality and applications of the HC-5560 
digital line transcoder. 

Why Line Coding? 

Transmission of seriai data over any distance, be it a twisted 
pair, fiber optic link, coaxial cable, etc., requires “maintenance” 
of the data as it is transmitted (through repeaters, echo cancel- 
iors etc.). The data integrity must be maintained through data 
reconstruction, with proper timing, and retransmitted. Line 
codes were created to facilitate this “maintenance”. 

in selecting a particular line coding scheme some consider¬ 
ations must be made, as not all line codes adequately pro¬ 
vide the all important synchronization between transmitter 
and receiver. Other considerations for line code selection are 
noise and interference levels, error detection/checking, 
implementation requirements, and the available bandwidth. 


Unipoiar Coding 

The most basic transmission code is unipolar or unbalanced 
coding whereby each discrete variable to be transmitted is 
assigned a different level, OV and +3V, for example: 

DATA 

1 0 1 1 0 0 1 0 0 1 


UNIPOLAR (UNBALANCED) SIGNAL 

There are, however, a number of disadvantages: 

• The average power (Ao/2) is two times other codes 

• The coded signal contains DC and low frequency compo¬ 
nents. When long strings of zeros are present, a DC or 
baseline wander occurs. This results in loss of timing and 
data because a receiver/repeater cannot optimally dis¬ 
criminate ones and zeros. 


I 



DC WANDER 


• Repeaters/receivers require a minimum pulse density for 
proper timing extraction. Long strings of ones or zeros 
contain no timing information and lead to timing jitter and 
possible loss of synchronization. 

• There is no provision for line error rate monitoring. 

Bipoiar Coding is Better 

With bipolar, or balanced, coding, the same data may be 
transmitted more efficiently achieving the same error dis¬ 
tance with half the power (Ao/4). This coding is often 
referred to as Non-Return to Zero (NRZ) coding as the sig¬ 
nal level is maintained for the duration of the signal interval. 
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Although bipolar coding is more efficient than unipolar, it still 
lacks provisions for line error monitoring, and is susceptible 
to DC wander and timing jitter. 


f- 6 -H 

8.g. PCM Code 0 0 0 1 0 1 1 1 0 0 0 0 0 0 1 

,BZ,V= 


BIPOLAR (BALANCED) SIGNAL 

The HC-5560 digital line transcoder provides a number of 
augmented bipolar coding schemes which: 

• Eliminate DC Wander 

• Minimize Timing Jitter 

• Provide for Line Error Monitoring 

This is accomplished by introducing controlled redundancy 
In the code through extra coding levels. 

Line Code Descriptions 

The HC-5560 transcoder allows a user to implement any of 
the four line coding schemes described below. 

AMI, Alternate Mark Inversion, is used primarily in North 
American T1 (1.544MHz) and T1C (3.152MHz) carriers. 
Zeros are coded as the absence of a pulse and one’s are 
coded alternately as positive or negative pulses. This type of 
coding reduces the average voltage level to zero to eliminate 
DC spectral components, thereby eliminating DC wander. 


e.g. PCM Code 0001011101000001 


To facilitate timing maintenance at regenerative repeaters 
along a transmission path, a minimum pulse density of logic 
1’s is required. Using AMI, there is a possibility of long 
strings of zeros and the required density may not always 
exist, leading to timing jitter and therefore higher error rates. 

A method for insuring a minimum logic 1 density by substitut¬ 
ing bipolar code in place of strings of O’s is called BNZS or 
Bipolar with N Zero Substitution. B6ZS is used commonly in 
North American T2 (6.3212MHz) carriers. For every string of 
6 zeros, bipolar code is substituted according to the following 
rule: 

If the immediate preceding pulse is of (-) polarity, then code 
each group of 6 zeros as 0-+0+-, and If the Immediate pre¬ 
ceding pulse is of (+) polarity, code each group of 6 zeros as 
0+-0+. One can see the consecutive logic 1 pulses of the 
same polarity violate the AMI coding scheme. 


y V - 

B6ZS W- 

B8ZS is used commonly in North American T1(1.544MHz) 
and T1C(3.152MHz) carriers. For every string of 8 zeros, 
bipolar code is substituted according to the following rules: 

1) If the immediate preceding pulse is of (-) polarity, then 
code each group of 8 zeros as 000-+0+-. 

2) If the immediate preceding pulse is of (z) polarity, then 
code each group of 8 zeros as 000+-0-+. 


I- 8 —.-I 

e.8. PCM Code 1 01000000001 1 0 

000--*-0f - 

000 +- 0 -+ 

.KSH-u_n—— 


The BNZS coding schemes, in addition to eliminating DC 
wander, minimize timing jitter and allow a line error monitor¬ 
ing capability. 

Another coding scheme is HDB3, high density bipolar 3, 
used primarily in Europe for 2.048MHz carriers. This code is 
similar to BNZS in that it substitutes bipolar code for 4 con¬ 
secutive zeros according to the following rules: 

1) If the polarity of the Immediate preceding pulse is (-) and 
there have been an odd (even) number of logic 1 pulses 
since the last substitution, each group of 4 consecutive 
zeros Is coded as 000-(+00+). 

2) If the polarity of the immediate preceding pulse is (+) 
then the substitution is 000+(-00-) for odd (even) number 
of logic 1 pulses since the last substitution. 


I-4—1 I 

81 |. PCM Code 0 0 0 0 I 0 I 1 1 0 0 0 0 0 0 1 
000 - +00 + 

H— ^ —u'-' 

000 + - 00 - 

"0B3 H——n 
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The 3 In HDB3 refers to the coding format that precludes 
strings of zeros greater than 3. Note that violations are pro¬ 
duced only In the fourth bit location of the substitution code 
and that successive substitutions produce alternate polarity 
violations. 

A summary graph of ail four substitution coding schemes is 
illustrated in Figure 1. To simplify timing recovery, logic Vs 
are encoded with 50% duty cycle pulses. 


Transmitter (Coder) 

The transmitter codes a non-return to zero (NRZ) binary uni¬ 
polar Input signal (NRZ IN) into two binary unipolar return to 
zero (RZ) output signals (OUT1, OUT2). These output sig¬ 
nals represent the NRZ data stream modified according to 
the selected encoding scheme (i.e., AMI, B8ZS, B6ZS, 
HDB3) and are externally mixed together (usually via a tran¬ 
sistor or transformer network) to create a ternary bipolar sig¬ 
nal for driving transmission lines. 


10 0 10 


I 0 0 0 0 0 0 1 1 0 


FIGURE 1. SUMMARY OF CODING SCHEMES PROVIDED BY 
THE HC-5560 TRANSCODER 

Functional Description 

The HC-5560 transcoder can be divided into six sections: 
transmitter (coder), receiver (decoder), error detector, ail 
ones detector, testing functions, and output controls. A block 
diagram is shown in Figure 2. 



KCEIVER/ I ^ ^miZMTA 
OECOOER OUT 



Receiver (Decoder) 

The receiver accepts as its input the ternary data from the 
transmission line that has been externally split into two 
binary unipolar return to zero signals (A|n and B|f^). These 
signals are decoded, according to the rules of the selected 
line code into one binary unipolar NRZ output signal (NRZ 
OUT). 

The encoder and decoder sections of the chip perform inde¬ 
pendently (excluding loopback condition) and may operate 
simultaneously. 

Error Detector 

The Error output signal is active high for one cycle of CLK 
DEC upon the detection of any bipolar violation in the 
received Ai^ and B|n signals that is not part of the selected 
line coding scheme. The bipolar violation is not removed, 
however, and shows up as a pulse in the NRZ DATA OUT 
signal. In addition, the Error output signal monitors the 
received A|m and B||sj signals for a string of zeros that vio¬ 
lates the maximum consecutive zeros allowed for the 
selected line coding scheme (i.e., 8 for B8ZS, 6 for B6ZS, 
and 4 for HDB3). In the event that an excessive amount of 
zeros is detected, the Error output signal will be active high 
for one cycle of CLK DEC during the zero that exceeds the 
maximum number. In the case that a high level should simul¬ 
taneously appear on both received input signals Ain and B|n 
a logical one is assumed and appears on the NRZ data out 
stream with the error signal active. 

All Ones Detector 

An input signal received at inputs A|n and B|n that consists 
of ail ones (or marks) is detected and signalled by a high 
level at the alarm indication signal (AIS) output is set to a 
high level when less than three zeros are received during 
one period of Reset AIS immediately followed by another 
period of Reset AIS containing less than three zeros. The 
AIS output is reset to a low level upon the first period of 
Reset AIS containing 3 or more zeros. 


FIGURE 2. HC-5560 TRANSCODER FUNCTIONAL BLOCK 
DIAGRAM 
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Testing Functions 

A logic high level on LTE enables a loopback condition where 
OUT1 is internaliy connected to input A|n and OUT2 is inter¬ 
nally connected to B|n (this disables inputs A|m and B|n to 
external signals). In this condition, the input signai NRZ DATA 
iN appears at output NRZ DATA OUT (deiayed by the amount 
of clock cycles it takes to encode and decode the seiected line 
code). A decode clock must be supplied for this operation. The 
Reset input can be used to initialize this process. 

Output Controls 

The output controls are Output Enable and Force AIS. These 
pins allow normal operation, force OUT1 and OUT2 to zero, 
or force OUT 1 and OUT2 to output all ones (AIS condition). 

Applications 

The HC-5560 transcoder is designed for use in North Ameri¬ 
can and European PCM transmission lines where pseudo 
ternary line code substitution schemes are desired. Any 
equipment that interfaces to T1, T1C, T2 or PCM30 trans¬ 
mission lines may incorporate transcoders. Such equipment 
includes multiplexers, channel service units, echo cancel- 
lors, repeaters, etc. This section will illustrate and describe a 
basic circuit application, and various system level applica¬ 
tions examples. 


Basic Applications Circuit 

The basic applications circuit is shown in Figure 3. The 
encoder accepts serially clocked unipolar non-return to zero 
(NRZ/PCM) data at the NRZ IN pin and codes it into two uni¬ 
polar return to zero (RZ) signals at pins OUT 1 and OUT2. A 
coding scheme is chosen via mode select pins MSI and 
MS2. Data is clocked in on the negative edge of ECLK and 
clocked out on the positive edge of ECLK. The outputs must 
be mixed externally, via a transistor/transformer network, to 
produce the ternary ‘bipolar* code selected and to drive the 
transmission line. The length of OUT1 and OUT2 are set by 
the length of the positive ECLK pulse. 

To decode ternary coded data, the signal must first be split 
into two unipolar signals and presented to the A||sj and B||sj 
pins. This may be accomplished by an amplifier with a differ¬ 
ential output, and two comparators. Both inputs are sampled 
by the positive edge of DCLK. Decoded data is clocked out 
In NRZ form to the NRZ OUT pin on the positive edge of 
DCLK. 

Ail the logic inputs and outputs are TTL compatible. 

System Level Examples 

Examples of system level transcoder applications are illus¬ 
trated in Figure 4 through 8. 


FROM CODEC OR 
TRANSCODER 


ENCODER CLOCK 


LOOP TEST ENABLE 



T1.T2,T1C. 
PCM 30 
LINE OUTPUT 


MODE SELECT 
LOGIC INPUTS 


CLOCK RECOVERY 
ALARM CLOCK ^ 


ERROR 

MONITORS 


NRZ Data 
DECODER Out 


BIN 

CLK DEC ''SS 


DECODER CLOCK 


TO CODEC OR TRANSCODER 


MSI MS2 SELECTS 


FIGURE 3. BASIC TRNASCODER APPUCATIONS CIRCUIT 
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Understanding PCM Coding 

Author: David J. Donovan 


Introduction 

The process of converting analog voice signals into Time Divi¬ 
sion Multiplexed (TDM) Pulse Code Modulated (PCM) format 
is described and illustrated herein. Application Note No. 570, 
“Understanding CODEC Timing”, by D.J. Donovan is recom¬ 
mended reading as accompaniment to this application note. 

Analog time varying voice input information is transmitted 
over two-wire (2W) pairs (channels) from subscribers. The 
PCM filter band-limits voice signals to 4kHz, one per chan¬ 
nel, and removes power line and ringing frequencies. 
Research has shown that voice transmission band-limited to 
4kHz has enough fidelity for telephony purposes. 

Sampling 

The process of converting filtered voice information into a 
digitized pulse train format begins with sampling the voice 
signal at uniform intervals. These intervals are determined 
by the Nyquist Sampling Theorem, which simply states that 
any signal may be completely re-constructed from its repre¬ 
sentative sampling if it is sampled at least twice the maxi¬ 
mum frequency of interest. The telephone system, being a 
worldwide standard 8kHz sampling system, satisfies 
Nyquist, as all voice signals are band-limited to 4kHz. When 
the voice waveform is sampled, a train of short pulses is pro¬ 
duced, each representing the amplitude of the waveform at 
the specific instant of sampling. This process is called Pulse 
Amplitude Modulation (PAM). The envelope of the PAM sam¬ 
ples replicate the original waveform. Figures 1A thru ID 
illustrate representative PAM samples for up to 24(30) indi¬ 
vidual voice channels In a p-Law (A-Law) telephone system. 

There are relatively large intervals between each PAM sample 
that may be used for transmitting PAM samples from other 
voice channels. Interleaving several voice channels on a com¬ 
mon bus is the fundamental principle of Time Division Multi¬ 
plexing (TDM). As the number of voice channels on the TDM 
bus increases, the time allotted to each sample is reduced, 
and bandwidth requirements increase (See Figure 1E). 


BAND LIMITED 
VOICE CHANNELS 
CHI 



CH24(32) 





CHANNELS 4 THRU 23(32) ARE HERE • 


FIGURE 1. (A THROUGH E) 


Quantizing 

The PAM samples still represent the voice signal in analog 
form. For digital transmission, further processing is required. 
Pulse Code Modulation (PCM) is a technique used to convert 
the PAM samples to a binary weighted code for digital trans¬ 
mission. PCM coding is a two step process performed by the 
CODEC. The first step is quantization, where each sample is 
assigned a specific quantizing interval. The second step is 
PCM coding of the quantizing interval into an 8-bit PCM code 
word. Each is discussed in the text that follows. 

Converting PAM samples to a digital signal involves assign¬ 
ing the amplitude of a PAM sample one of a whole range of 
possible amplitude values, which are divided into quantizing 
intervals. There are 256 possible quantizing intervals, 128 
positive and 128 negative. The boundaries between adja¬ 
cent quantizing intervals are called decision values. 
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If PAM samples are uniformly quantized, there will be situa¬ 
tions where several different amplitude values will be 
assigned the same quantizing interval during encoding. 
Then, during decoding, one signal amplitude value Is re¬ 
covered for each quantizing interval which corresponds to 
the midpoint of the quantizing interval. This results in small 
discrepancies that occur between the original waveform and 
the quantized approximation; i.e., infinite analog levels in the 
original waveform being assigned finite quantizing intervals. 
These discrepancies result in a quantizing noise or quantiz¬ 
ing distortion, the magnitude of which is inversely propor¬ 
tional to the number of discrete quantizing intervals. These 
noise signals may be of the same order of magnitude as the 
input signal, thereby reducing the signal to quantizing noise 
ratio to an intolerable level. For this reason non-uniform 
quantization is used. Large signals need a smaller number 
of quantizing intervals, while small signals require a larger 
number of quantizing intervals. Such a non-uniform quanti¬ 
zation process is defined as companding characteristics by 
both Bell and CCITT. 

The PCM CODEC performs this non-uniform or non-linear 
quantization through p-Law or A-law companding character¬ 
istics shown in Figure 2. This process enhances lower ampli¬ 
tude signals, to allow them to compete with system noise, 
and attenuates higher amplitude signals, preventing them 
from saturating the system. This form of signal compression 
results in a relatively uniform signal to quantization noise 
ratio, approaching 40dB for a wide range of input amplitudes. 
Also, the dynamic range approaches that of a 13(11) bit A/D 
or 80(66)dB for p-Law (A-Law) companding. The digital real¬ 
ization of this companding process is obtained by a segment 
and chord piecewise linear approximation to a semi-iogarith- 
mic function. 

Both the p-Law and A-law companding characteristics are 
composed of 8 linear segments or chords in each quadrant. 
Within each chord are 16 uniform quantization intervals, or 
steps. With p-Law, moving away from the origin, each chord 
is twice the width of the preceding chord, and each group of 
16 uniform steps is twice the width of the preceding group. It 
is also referred to as the 15 segment characteristic. The first 
chord about the origin In the positive and the negative quad¬ 
rant are of the same slope and are therefore considered one 
chord (chord 0). With A-law, the first two chords and step 
groups In each quadrant are uniform. Successive chords 
and steps follow the same pattern as p-Law. A-Law is 
referred to as the 13 segment characteristic. The first two 
chords about the origin in the positive quadrant, and the first 
two chords about the origin in the negative quadrant are all 
of the same slope and therefore are considered one chord 
(chord 1). There are 64 uniform steps In chord 1, 32 positive 
and 32 negative. However, for purposes of encoding and 
decoding samples that fall into the quantization intervals in 
chord 1, a different 3 bit chord code (refer to Figure 3) is 
assigned for the first segment of 16 uniform steps closest to 
the origin and the next segment moving away from the ori¬ 
gin. Chord 1 In A-Law is twice that of chord 0 in p-Law. 


0UANTIZIN6 
INTERVALt 



DHOWD I I CHORD 0 
A-UW 1 lu-LAW ' 


The p-Law companding characteristic is used primarily in 
North America and Japan, while A-Law is used primarily In 
Europe. The differences are minimal and are summarized 
below: 


Step sizes double for each successive chord 
Virtual edge = ±8159 units 
Input level = 3.172dBmO 


2 codes for 0 input 


• Step sizes double for each successive chord after the sec¬ 
ond chord 

• Virtual edge = ±4096 units 

• Input level = 3.14dbm0 

• No code for 0 input 

The input level Is determined with reference to the power 
level at the central office or ‘switch’. That point is referred to 
as the zero transmission level point (OTLP). All CODEC 
measurements must be translated to the OTLP. The unit of 
translated level Is the dBmO (dB relative to 1 mW referred to a 
transmission level of OTLP). 


7-29 


APPLICATION 

NOTES 








Application Note 574 


There is no absolute voltage standard for the CODEC, how¬ 
ever, a standard exists relative to full scaie. The point at 
which the CODEC begins to clip is called the virtual edge. It 
is measured in normalized voltage units or steps, ±8159 
steps for p-Law and ±4096 steps for A-Law. If a PAM sample 
representing the peak of a voice input signal hits the virtual 
edge of a p-Law system, it has a relative power of 
+3.172dBmO. The corresponding A-Law relative power is 
+3.14dBmO. These numbers are chosen to minimize intrinsic 
gain error at OdBmO and 1000Hz. 

Encoding 

The second stage of conversion to binary PCM data for 
transmission involves the coding of the 256 quantizing inter¬ 
vals assigned to the individual PAM samples into 8-bit binary 
words (7 data bits plus 1 sign bit). The MSB In each word is 
a polarity bit Indicating a 1 for positive quadrant quantizing 
Intervals, and a 0 for negative quadrant quantizing intervals. 
The next three bits represent the chord, and the last four bits 
identify the step within the chord. The 8-bit PCM word parti¬ 
tioning is illustrated in Figure 3. 

BIT NUMBER 1 2 3 4 5 6 7 8 

BIT WEIGHT-MSB ± 2® 2® 2^ 2® 2^ 2^ 2® LSB 


SIGN CHORD STEP 

A-Law and p-Law coding about the origin differ. p-Law 
defines two codes for OV Input while A-Law defines no code 
for OV input (see Table 1). The two p-Law zero codes repre¬ 
sent a normal quantization step that is divided into halves by 
the y-axis of the companding curve (refer to Figure 2). These 
half steps represent the lowest resolvable signal of the p- 
Law characteristic. 


\i-Law Systems 

For p-Law systems, the bus format allows 24 groups, or 
timeslots, of 8-bit PCM words, plus one synchronization 
(sync) bit for a total of 193 bits per frame (see Figure 4). This 
sync bit partitions the boundary between timeslots 24 and 1, 
and allows the time slot counter at the receive end to main¬ 
tain sync with the transmit end. Ail signalling information is 
contained in bit 8 (LSB) of the PCM word. These multiplexed 
frames of 24, 193-bit channels constitute the 1.544MHz T1 
transmission channel. 

A-Law Systems 

For A-Law systems, the bus format groups data Into 32 
timeslots of 8-blt PCM words each, giving 30 voice channels 
plus one 8-bit sync and alarm channel, and one 8-bit signal¬ 
ling channel. The sync and alarm, and signalling in formation 
are contained in channels 0 and 16, respectively (see Figure 
4). Bits 2, 4, 6, and 8 are inverted for transmission per CCITT 
recommendation. These multiplexed frames of 32, 256-bit 
channels constitute the 2.048MHz PCM30-CEPT (Committee 
of European Postal and Telegraph) transmission channel. 
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Multiplexing and Transmission 

Each 8-blt PCM word is transmitted in Its respective time 
slot, which is assigned to each CODEC by the system con¬ 
troller (See Application Note 570). A number of PCM words 
may be transmitted consecutively from different channels, 
creating a PCM TDM signal for transmission. Each CODEC 
channel has an average data rate of 8K samples/sec x 8-blts 
= 64kblts/s. This means that within a 1/8kHz = 125ps period, 
24(30) PCM words of 8 bits each are transmitted consecu¬ 
tively in a p-Law (A-Law) system. 


Line Coding 

PCM code generated by the CODEC function is In Non- 
Return to Zero (NRZ) format. It cannot effectively be trans¬ 
mitted directly on a transmission line because the signal 
contains a DC component and lacks timing information. 

An additional coding step is necessary which converts NRZ 
code to a pseudo ternary code suitable for transmission. Prac¬ 
tical coding schemes include Alternate Mark Inversion (AMI), 
Bipolar with N Zero Substitution (BNZS), and High Density 
Bipolar 3 (HDB3) coding. These schemes eliminate the DC 
component of NRZ code, thereby eliminating the troublesome 
DC wander phenomenon. They also provide a means for 
detecting line coding errors, and enhance synchronization 
between transmitter and receiver through reduction of timing 
jitter. For additional Information, refer to Application Note 573, 
The HC-5560 Transcoder”, by D. J. Donovan. 
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Demultiplexing 

After transmission, the CODEC must recover the 8-bit PCM 
words from the TDM signal, sort out, decode, and distribute 
the PCM information appropriately. The demultiplexing pro¬ 
cess is fully controlled electronically. 

Decoding 

The CODEC receive function allocates a signal amplitude to 
each 8-bit PCM word which corresponds to the midpoint of 
the particular quantizing interval. The expanding characteris¬ 
tic is the same as that for non-linear companding on the 
transmit side. If the LSB of a p-Law PCM word contains sig¬ 
nalling information, it is extracted by the CODEC, latched 
into a flip-flop, and distributed to the CODEC signalling out¬ 
put (Sigp). This means that there is a lost bit (LSB) in the 
incoming PCM data stream during a signalling frame. The 
decoder interprets the missing LSB as a 1/2 (i.e. halfway 
between a 0 and a 1) to minimize noise and distortion. The 
PCM words are decoded in the order In which they are 
received and then converted to PAM pulses. The PAM 
pulses are summed, then low pass filtered, which smooths 
the PAM envelope and reproduces the original voice signal. 
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Introduction 

Delta modulation has evolved into a simple, efficient method 
of digitizing voice for secure, reliable communications and for 
voice I/O in data processing. 

To illustrate basic principles, a very simple delta modulator 
and demodulator are illustrated in Figure 1. The modulator is 
a sampled data system employing a negative feedback loop. 
A comparator senses whether or not the instantaneous level 
of the analog voice input is greater or less than the feedback 
signal. The comparator output is clocked by a flip-flop to form 
a continuous NRZ digital data stream. This digital data is 
also integrated and fed back to the comparator. The feed¬ 
back system is such that the integrator ramps up and down 
to produce a rough approximation of the input waveform. An 
identical integrator in the demodulator produces the same 
waveform, which when filtered, reproduces the voice. 

One can see that the digital data O’s and 1 ’s are commands 
to the integrators to “go up” or “go down” respectively. 
Another way of looking at it is that the digital data stream 
also has analog significance; it approximates the differential 
of the voice, since analog integration of the data reproduces 
the voice. 

Note that the integrator output never stands still; it always 
travels either up or down by a fixed amount in any clock 
period. Because of its fixed integrator output slope, the sim¬ 
ple delta modulator is less than ideal for encoding human 
voice which may have a wide dynamic amplitude range. 

The integrator cannot track large, high frequency signals 
with its fixed slope. Fortunately, human speech has statisti¬ 
cally smaller amplitudes at higher frequencies, therefore an 
integrator time constant of about 1ms will satisfactorily repro¬ 
duce voice in a 3kHz bandwidth. 

A more serious limitation is that voice amplitude changes 
which are less than the height of the integrator ramp during 
one clock period cannot be resolved. So dynamic range is 
proportional to clock frequency, and satisfactory range can¬ 
not be obtained at desirable low clock rates. 

A means of effectively Increasing dynamic range is called 
“companding” (compressing-expanding); where at the mod¬ 
ulator, small signals are given higher relative gain, and an 
inverse characteristic is produced at the demodulator. 


The CVSD: A popular effective scheme for companded delta 
modulation is known as CVSD (continuously variable slop 
deltamod) shown in Figure 2. Additional digital logic, a sec¬ 
ond integrator, and an analog multiplier are added to the 
simple modulator. 

Under small input signal conditions, the second integrator 
(known as the syllabic filter) has no input, and circuit function 
Is identical to the simple modulator, except that the multiplier 
is biased to output quite small ramp amplitudes giving good 
resolution to the small signals. 

A larger signal input is characterized by consecutive strings 
of 1 ’s or O’s in the data as the integrator attempts to track the 
input. The logic input to the syllabic filter actuates whenever 
3 or more consecutive O’s or 1’s are present In the data. 
When this happens, the syllabic filter output starts to build up 
increasing the multiplier gain, passing larger amplitude 
ramps to the comparator, enabling the system to track the 
larger signal. Up to a limit, the more consecutive 1’s or O’s 
generated, the larger the ramp amplitude. Since the larger 
signals increase the negative feedback of the modulator and 
the fonA^ard gain of the demodulator, companding takes 
place. By listening tests, the syllabic filter time constant of 4 
to 10ms is generally considered optimum. 

An outstanding characteristic of CVSD is its ability, with fairly 
simple circuitry, to transmit intelligible voice at relatively low 
data rates. Companded PCM, for telephone quality transmis¬ 
sion, requires about 64K bits/sec data rate per channel. 
CVSD produces equal quality at 32K bits/sec. (However, at 
this rate it does not handle tone signals or phase encoded 
modern transmissions as well.) 

CVSD is useful at even lower data rates. At 16K bits/sec the 
reconstructed voice is remarkably natural, but has a slightly 
“Fuzzy Edge”. At 9.6K bits/sec intelligibility is still excellent, 
although the sound is reminiscent of a damaged loud¬ 
speaker. Of course, very sophisticated speech compression 
techniques have been used to transmit speech at even lower 
data rates; but CVSD is an excellent compromise between 
circuit simplicity and bandwidth economy. 
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The Digital CVSD 

Delta modulated data Is in a form which can be digitally fil¬ 
tered with fairly simple circuitry. A compatible CVSD can be 
made using digital integrators and multipliers driving a digi- 
tal-to-analog converter. The block diagram of the HC-55564 
monolithic CVSD is shown in Figure 3. 

The CMOS digital circuit functions of Figure 3 closely paral¬ 
lel the equivalent analog function in Figure 2. The filters are 
single pole recursive types using shift registers with feed¬ 
back. A digital multiplier feeds a 10-blt R-2R DAC which 
reconstructs the voice waveform. The DAC output is in steps, 
rather than ramps. 


A}.TERNATE 

FORCE CLOCK 

tk/r« zero IM 



FIGURE 3. HG-55564 CVSD FUNCTIONAL DIAGRAM 
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The digital CVSD has a number of advantages over its ana- 

log counterpart, and has desirable features which would oth¬ 
erwise require additional circuitry: 

1) The all CMOS device requires only 1mA current from a 
single +4.5V to +7V supply. 

2) No bulky external precision resistors or capacitors are 
required for the integrators; time constants of the digital 
filters are set by the clock frequency and do not drift with 
time or temperature. 

3) For best intelligibility and freedom from listener fatigue, it 
is important that the recovered audio is quiet during the 
pauses between spoken words. During quiet periods, an 
alternate “1”, "0” pattern should be encoded, which when 
decoded and filtered will be inaudible. Achieving this in 
the analog CVSD requires that up and down ramp slopes 
are precisely equal and that offsets in the comparator and 
amplifiers are adjusted to zero. Improper adjustment or 
excessive component drift can result in noisy oscillations. 
In the digital design, comparator offset and drift are 
adjusted by a long up-down counter summed to the DAC 
to insure that over a period of time equal numbers of 1’s 
and O’s are generated. 

An added feature is automatic quieting, where if the DAC 
input would be less than 2 LSB’s the quieting pattern is 
generated instead. This has proven to aid intelligibility. 

4) To prevent momentary overload when beginning to 
encode or decode, it is desirable to initialize the integra¬ 
tors. In the analog CVSD, external analog switches would 
be required to discharge the capacitors. 

In the digital CVSD, the filters are reset by momentarily 
putting the "Force Zero” pin low. At the same time, a qui¬ 
eting pattern is generated without affecting internal 
encoding by putting the "Alternate Plain Text” pin low. 

5) In some analog CVSD designs, transient noise will be 
generated during recovery from a low frequency over¬ 
driven input condition. The digital CVSD has a clipped 
output with instant recovery, when overdriven. 

6) Half-duplex operation (using the same device, switching 
between the encode and decode functions) requires 
external circuits with the analog CVSD, while the digital 
type is switched internally by a logic input. 


Applications of Delta Modulation 

1) Telecommunications: Digitized signals are easily routed 
and multiplexed with low cost digital gates. Voice chan¬ 
nels may be easily added to existing multiplexed digital 
data transmission systems. The digital signals are much 
more immune to crosstalk and noise when transmitted 
over long distances by wire, R.F., or optical paths. CVSD 
has better intelligibility than PCM when random bit errors 
are introduced during transmission. 

2) Secure Communications: Digital data can be quite 
securely encrypted using fairly simple standard hardware 
(Figure 4A). Scrambled speech for audio channels may 
also be accomplished by encoding into a shift register, 
then selecting different segments of the shifted data in 
pseudo-random fashion and decoding it (Figure 4B). 



FIGURE 4A. DIGITAL TRANSMISSION ENCRIPTION 



FIGURE 4B. VOICE TRANSMISSION SCRAMBLING 

3) Audio Delay Lines: Although charge-coupled deviced 
(CCD) will perform this function, they are still expensive 
and choice of configurations is quite limited. Also, there is 
a practical limit to the number of CCD stages, since each 
introduces a slight degradation to the signal. 

As shown in Figure 5, the delay line consists of a CVSD 
modulator, a shift register and a demodulator. Delay is 
proportional to the number of register stages divided by 
the clock frequency. This can be used in speech scram¬ 
bling, as explained above, echo suppression In PA sys¬ 
tems; special echo effects; music enhancement or 
synthesis; and recursive or nonrecursive filtering. 
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FIGURE 5. AUDIO DELAY LINE 
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4) Voice I/O: Digitized speech can be entered into a com¬ 
puter for storage, voice identification, or word recognition. 
Words stored in ROM’s, disc memory, etc. can be used 
for voice output. CVSD, since it can operate at low data 
rates. Is more efficient in storage requirements than PCM 
or other A to D conversions. Also, the data is in a useful 
form for filtering or other processing. 

Figure 6 illustrates a simple evaluation breadboard circuit for 
the HC-55564. A single device is sufficient to evaluate sound 
quality, etc. since, when encoding, the feedback signal at pin 
3 is identical to the decoded signal from a receiver. The fol¬ 
lowing are some pointers for using the devices: 


do-1>-Qh^ 



FIGURE 6. CVSD HOOKUP FOR EVALUATION 

1) Power supply decoupling is essential with the capacitor 
(C1 In Figure 6) located close to the I.C. 

2) Power to the I.C. must be present before the audio Input, 
the clock, or other digital inputs are applied. Failure to 
observe this may result in a latchup condition, which is 
usually not destructive and may be removed by cycling 
the supply off, then on. 

3) Signal ground (pin 2) should be externally connected to 
pin 8 and power ground. It is recommended for noise-free 
operation that the audio input and output ground returns 
connect directly to pin 2 and to no other grounds in the 
system. Pins 6 and 7 must be open circuited. 

4) Digital inputs and outputs are similar to and compatible 
with standard CMOS logic circuits using the same supply 
voltage. The illustrated 10K pullup resistors are neces¬ 
sary only with mechanical switches, and are not neces¬ 
sary when driving these pins with CMOS. Unused digital 
inputs should be tied to the appropriate supply rail for the 
desired operation. TTL output, however, will require 
CMOS Input levels. Pins 4 and 14 will drive CMOS logic, 
or each can drive one low power TTL input. 


5) Capacitor coupling is recommended for the audio in and 
out (pins 3 and 5) as each pin is internally biased to about 
1/2 the supply voltage. 

6) The AGC output (pin 4) is a digital output, whose duty 
cycle is dependentiy on the average audio level. This may 
be externally integrated to drive an AGC preamplifier; or it 
could be used (through a buffer gate) to drive an LED 
indicator to indicate proper speaking volume. 

7) To prevent generation of alias frequencies, the input filter 
should reduce the audio amplitude at frequencies greater 
than half the clock rate to less than 12mVp.p. 

8) The PCM Filter shown In the data sheet lends itself well 
as a cost-effective input/output filter to the CVSD. 

9) A suggested receiver clock circuit is a free running multi¬ 
vibrator, synchronized at each transition of the incoming 
data. Any synch errors occurring during reception of long 
strings of zeros or ones will have negligible, effect on the 
decoded voice. 

Figures 7 through 11 illustrate some typical audio output 
(before filtering) and digital output waveforms. To make the 
scope picture stationary, the audio input generator was syn¬ 
chronized with a submuitiple of the clock frequency. 

Figure 7 shows the results of a large low frequency sine 
wave. The somewhat jagged peaks are typical of all CVSD 
systems. Note that the digital output is continuous “ones” 
while the waveform is slewing down and continuous “zeros” 
while slewing up. 

Figure 8 shows the excellent recovery from overdriven con¬ 
ditions at low frequency. Some analog type CVSD’s have 
trouble recovering from this condition. 

As mentioned previously, CVSD’s cannot handle large sig¬ 
nals at high frequencies (but these are not generally present 
In the human voice). Figure 9 shows this limitation where the 
voice output is slewing at its maximum rate, but cannot catch 
up with the input. At reduced amplitudes, however, the same 
signal can be reproduced, as shown in Figure 10. 

The transfer function curve on the data sheet shows that at 
16kHz clock rate, a 1.2VpMs signal can be tracked up to 
500Hz. With a 32kHz clock, the same curves may be used, 
but with each of the indicated frequencies doubled. Likewise, 
each of the SNR figures shown on the data sheet will be 6dB 
better than a 32kHz clock. 

Figure 11 shows the lOmV voice output waveform at 1/2 the 
clock rate, when there is no audio input. After filtering, this 
signal is inaudible. 
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DIGITAL OUT 
5V/DIV 


0.2ms/DIV 

VOICE IN = 1kHz, 6Vp.p SINE WAVE 
CLOCK = 16kHz 

FIGURE 11. CVSD LARGE SIGNAL, HIGH FREQUENCY SLEW LIMITING 


VOICE OUT 
1V/DIV 


VOICE OUT 
50mV/DIV 


0.5ms/DIV 

VOICE IN = 250Hz, 6Vp.p SINE WAVE 
CLOCK = 16kHz 

FIGURE 9. CVSD LARGE SIGNAL, LOW FREQUENCY 
CLIPPED WAVEFORM 


50ms/DIV 
VOICE IN = 0 
CLOCK = 16kHz 

FIGURE 10. CVSD ZERO SIGNAL IDLE PATTERN 


0.5ms/DIV 

VOICE IN = 250Hz, 4Vp.p SINE WAVE 
CLOCK = 16kHz 

FIGURE 7. CVSD LARGE SIGNAL SINE WAVE RECONSTRUC¬ 
TION 


0.2ms/DIV 

VOICE IN = 1kHz, 0.15Vp.p SINE WAVE 
CLOCK = 16kHz 

FIGURE 8. CVSD SMALL SIGNAL SINE WAVE RECONSTRUC¬ 
TION 


VOICE OUT 
1V/DIV 


DIGITAL OUT 
5V/DIV 


DIGITAL OUT 
5V/DIV 


DIGITAL OUT 
5V/DIV 


VOICE OUT 
lOmV/DIV 


DIGITAL OUT 
5V/DIV 


VOICE OUT 
0.5V/DIV 
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Impedance Matching Design Equations for the 
HC5509 Series of SLICs 

Authors: Don LaFontaine and Ed Berrios 

Introduction 

The HC5509 Series of SLICs use feedback to synthesize the 
Impedance at the 2-wire tip and ring terminals. The network 
is capable of synthesizing both resistive and complex imped¬ 
ances. Matching the SLIC’s 2-wire impedance to the load is 
important to maximize power transfer and 2-wire return loss. 

The 2-wlre return loss is a measure of the similarity of the 
impedance of a transmission line (tip and ring) and the 
impedance at it’s termination, it is a ratio, expressed in deci¬ 
bels, of the power of the outgoing signal to the power of the 
signal reflected back from an impedance discontinuity. 

This application note will discuss the basic DC operation of 
the tip and ring amplifiers for an understanding of the reac¬ 
tion between the tip and ring amplifiers, the requirements for 
impedance matching and the derivation of the design equa¬ 
tions for calculating the required feedback components for 
both resistive and complex impedances. The analysis will 
use the HC5509B as the basis for the discussion. Design 
solutions for the HC5509A1R3060, HC5524 and HC5517 
are provided in Table 1. 


Requirements for Impedance matching 

Impedance matching of the HC5509B application circuit to 
the transmission line requires that the impedance be 
matched to points “A” and “B” in Figure 2. To do this, the 
sense resistors Rbi, Rb 2 . Rb 3 FIb 4 f^^ust be accounted 
for by the feedback network to make it appear as if the out¬ 
put of the tip and ring amplifiers are at points “A” and “B”. 
The feedback network takes a voltage that is equal to the 
voltage drop across the sense resistors and feeds it into the 
summing node of the tip amplifier. The effect of this is to 
cause the tip feed voltages to become more negative by a 
value that is proportional to the voltage drop across the 
sense resistors Rbi and Rb 2 - At the same time the ring 
amplifier becomes more positive by the same amount to 
account for resistors Rb 3 and Rb 4 . 

The net effect cancels out the voltage drop across the feed 
Vq = (EQ. 3) resistors. By nullifying the effects of the feed resistors the 

feedback circuitry becomes relatively easy to match the 
impedance at points “A” and “B”. 


Copyright © Harris Corporation 1996 


Tip and Ring Amplifiers 

The tip and ring amplifiers are voltage feedback op amps 
that are connected to generate a differential output (e.g. if tip 
sources 20mA then ring sinks 20mA). Figure 1 shows the 
connection of the tip and ring amplifiers. The tip DC voltage 
Is set by an internal +2V reference, resulting In -4V at the 
output. The ring DC voltage is set by the tip DC output volt¬ 
age and an internal Vbat/ 2 reference, resulting In Vbat +4V 
at the output (see Equations 1,2 and 3). 

VjlP FEED = Vq = = -4V (EQ. 1) 

^RiNG FEED = VjiP FEEd(^) 2) 



7-37 


APPLICATION 

NOTES 


























Application Note 9607 



FIGURE 2. FEEDBACK NETWORK FOR IMPEDANCE MATCHING 

Impedance Matching Design Equations 


Before writing the ioop equation to soive for the proper feed¬ 
back to match the SLICs 2-wire impedance to the load, the 
AC voltage at Vq and Vp (Figure 2) must first be determined. 


The feedback loop senses the loop current through resistors 
Rb 2 and Rb 4 . For the current direction shown In Figure 2 the 
VTX output is equal to +4 RSAIl. The VTX outputs feedback 
into the tip current summing node via the VFB pin. The cur¬ 
rent into VFB is equal to: 


4RSAI, 


'VFB 


2R 


(EQ.5) 


The VTX voltage is also feed into the -IN input of the SLIC’s 
internal op amp. This signal is amplified by the ratio 
KZO/KRF then feed into the tip current summing node via the 
VOUT1 pin. (Note: the VRX pin and the Internal +2V refer¬ 
ence are grounded for the AC analysis.) The current into the 
VOUT1 pin is equal to: 


(EQ.6) 


Equation 7 is the node equation for the tip amplifier summing 
node. The current In the tip feedback resistor (Ir) is given in 
Equation 8. 


4RSAIl 

4RSAIl 


2R 

2R 

IrfJ 

4RSAIl 

4RSAIl^ 


2R 

2R 1 

.rfJ 


(EQ.7) 

(EQ.8) 


The voltage Wq is then equal to: 


£ 

II 

o 

> 

(EQ. 9) 

Vc = -2RSAIl(i-^) 

(EQ. 10) 

and the AC voltage at Vp is: 


Vd = 2RSAIl(i-^) 

(EQ.11) 

(Note VbaV 2 is grounded for AC analysis) 


Having the voltages at Vp and Vp, as a function of the feed¬ 
back network, the loop equation to match the impedance of 
any load is as follows: 

-2RSAIl(i -|5j+2RSAI|_-AV,N + 

(EQ. 12) 

AV,,^ = -4RSAIl[i-|p)+4RSAIl + RLAIl 

(EQ. 13) 

AV,n = AIl[-4Rs(i-|5)+4RS + Rl] 

(EQ. 14) 

- dPqfZO'l* R ^ - 4RS?^ + R 

Ai;7-‘‘'’®lRFr"L AIl -^'’®RF + '’l 

(EQ. 15) 


Equation 14 can be separated into two terms, the feedback 
term (-4RS(1-ZO/RF) and the loop impedance term 
(+4RS + R|_). The +4RS term of the loop impedance is can- 
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celled by the -4RS term of the feedback. The result is shown 
in Equation 15. Figure 3 is a schematic representation of 
Equation 15. 

Rl 


sue ^ 


To prevent loading down the VTX output, the value of RF 
and ZO are typically scaled by a factor of K = 100, therefore: 

KRF = 20kn KZO = SOKQ (EQ. 20) 

Since the impedance matching is a function of the voltage 
gain, scaling of the resistors to achieve a standard value is 
recommended. 

For complex impedances the above anaiysis is the same. 


FIGURE 3. SCHEMATIC REPRESENTATION OF EQUATION 15 KRF = 20kO KZO = lOO(Resistive) + - 


100 (EQ.21) 


To match the impedance of the SLIC to the impedance of the 
load set 


If RF is made to equal 4RS then: 

Rl = ZO (EQ. 17) 

Therefore to match the HC5509B, with RS equal to 50Q, to a 
600 £2 ioad: 


RF = 4RS = 4(50Q) = 2000 


R, = ZO = 6000 


(EQ. 19) 


Table 1 list the values of KRF, KZO for several worldwide 
Typical line Impedances. The analysis for the 
HC5509A1R3060, HC5524 and the HC5517 are similar to 
that of the HC5509B. The only exception is the HC5517 in 
that the VFB feedback path is not connected. Other than that 
the analysis are identical. 

NOTE: When matching a complex impedance some impedance 
models (900 + 2.15pF, K = 100) will cause the op amp feedback to be 
open at DC currents, bring the op amp to an output rail. A resistor 
with a value of about 10 times the reactance of the capacitor (21.6nF) 
at the low frequency of interest (200Hz for example) can be placed in 
parallel with the capacitor In order to solve the problem (368kQ for a 
21.6nF capacitor). 


LOAD 

IMPEDANCE 


OPTIONAL PARALLEL 
RESISTOR 
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TABLE 1. (Continimd) 
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TABLE 1. (Continued) 


LOAD 
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TABLE 1. (Continued) 


LOAD 
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impiementing Puise Metering for the HC5509 Series of SLiCs 


Authors: Ed Berrios and Don LaFontalne 


Introduction 

Pulse metering or Teletax is used outside the United States 
for billing purposes at pay phones. A 12kHz or 16kHz burst 
(see Figure 1) is injected into the 4-wire side of the SLIC and 
transmitted across the tip and ring lines from the central 
office to the pay phone. The burst updates a counter that 
indicates the cost of the call to the user. The repetition rate 
of the burst is dependent upon the billing rates for the spe¬ 
cific time of the day and the distance of the call. 



FIGURE 1. PULSE METERING SIGNAL ENVELOPE 

The waveform in Figure 1 represents the pulse metering sig¬ 
nal burst. The rise and fall times of the waveform are speci¬ 
fied to minimize emissions of the burst. Table 1 lists the 
electrical specifications of the waveform. 

TABLE 1. PULSE METERING ELECTRICAL PARAMETERS 


PARAMETER 


Frequency 


12kHz or 16kHz Selectable 


3™ Harmonics <200mV 

2-Wire Impedance 2000 

Rise (tf) and fall (tf) 10ms or 20ms 
times 


12kHz or 16kHz ±400 

tr = t2-ti ±10% 

tf = t4.t3 


AN9607, “Impedance Matching Design Evaluation for the 
HC5509 Series of SLIC”, AnswerFAX Document No. 99607. 

sue Impedance Matching 

Impedance matching is used to set the 4-wire to 2-wire gain 
of the SLIC for a specified termination impedance across tip 
arid ring. The termination may vary from purely resistive (typ 
600Q) to complex (resistive plus capacitive). 

The impedance matching is synthesized by feeding back a 
voltage that is proportional to the 2-wire loop current. This 
voltage is then scaled and injected into the summing node of 
the tip feed amplifier. The feedback compensates for the 
voltage drop across the tip and ring sense resistors (Rs), 
which results in the impedance of the SLIC matching the 
load (Rl). 

Figure 2 shows the network used to derive the impedance 
matching equations. The loop equation from tip to ring is 
written as follows: 

Vc +2 RsAIl-AV,n +RlAIl + 2RsAIl-Vd= 0 (EQ. 1) 


Vn = -Vn = -2RcAI, 1 


Solving for AVi^/AIl results in Equation 3. 


AT - R- 


This Application Note discusses the technique for injecting a 
pulse metering signal into the 4-wire side of the SLIC for 
transmission on the 2-wire side. The complete implementa¬ 
tion includes a circuit for injecting the AC puise metering sig¬ 
nal, a circuit for offsetting the tip and ring DC voltages and a 
circuit for the transhybrid balance of the pulse metering 
return signal. The tip and ring DC voltages must be offset by 
the peak value of the pulse metering signal to allow simulta¬ 
neous transmission of voice and pulse metering. A brief dis¬ 
cussion of impedance matching will lead into the detailed 
pulse metering discussion. For a detailed discussion, refer to 


By setting Rp equal to 4Rs then: 


Therefore, to match the impedance of the SLIC, with Rs 
equal to 500, to a 6000 load: 

Rp = 4 Rs = 4(500) = 2000 (EQ. 5) 


Rl = Zq = 6000 (EQ. 6) 

To prevent loading of the Vjx output, the value of Rp and Zq 
are typically scaled up by a factor of 100: 

KRp = 20kO KZo = 60kO (EQ. 7) 
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Injecting The Pulse Metering Signal 

Two circuits must be designed for injection of the puise 
metering signal. One circuit is used to sum the pulse meter¬ 
ing signal and the incoming voice signal on the 4-wire side 
and the other is used to offset both tip and ring by the peak 
amplitude of the pulse metering signal. 

Summing Amplifier Design 

The pulse metering signal is injected in the -INi pin of the 
SLIC. This pin is the inverting input of the Internal amplifier 
(A1) that is used to implement impedance matching. 

The components required for pulse metering are CpM and 
RpM, are shown in Figure 3. The pulse metering signal is AC 
coupled to prevent a DC offset on the input of the internal 
amplifier. The value of Cp^ should be 10pF. The value of 
RpM is calculated from Equations 9 and 10. 


CpM RpM 



FIGURE 3. PULSE METERING SUMMING AMPLIFIER DESIGN 
KZq KZq 

VoUT 1 ■ “ ''tX • - VpM • (EQ. 8) 


The first term of Equation 8 is the gain of the feedback volt¬ 
age from the 2-wlre side and the second term is the gain of 
the injected puise metering signal. The effects of C^c RRcl 
CpM are negligible and therefore omitted from the analysis. 

The injected pulse metering output term of Figure 3 is shown 
below in Equation 9 and rearranged to solve for Rp^ in 
Equation 10. 

KZq 

“ ^PM*r — “ ^ (EQ. 9) 

••PM 



The ratio of KZq to RpM is set to 2 to compensate for the 
gain of 0.5 at the tip feed amplifier. This results in unity gain 
of the pulse metering signal from 4-wire side to 2-wire side. 
The value of KZq Is considered to be a constant since It is 
selected based on Impedance matching requirements. 

When complex Impedance matching is implemented, match 
the RpM circuit to the KZq circuit, keeping in mind the 
required gain of 2. 

Additional Tip and Ring Offset Voltage 

A DC offset is required to level shift tip and ring from ground 
and Vbat respectively. By design, the tip amplifier is offset 
4V below ground and the ring amplifier is offset 4V above 
Vbat- offset was designed so that the peak voice sig¬ 

nal could pass through the SLIC without distortion. There¬ 
fore, to maintain distortion free transmission of pulse 
metering and voice, an additional offset equal to the peak of 
the puise metering signal is required. 

The tip and ring voltages are offset by a voltage divider net¬ 
work on the Vrx pin. The Vrx pin is a unity gain input 
designed as the 4-wire side voice input for the SLIC. Figure 
4 details the circuit used to generate the additional offset 
voltage. 
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VpMO T 

R 1 ^ ^PMO 


4 ■' !. Ol . " > - 4-WIRESIDE 

2-WIRE SIDE ^STHL VOICE INPUT 

V 

V TO VOICE INPUT OF 
TRANSHYBRIO AMP 

FIGURE 4. PULSE METERING OFFSET GENERATION 

The amplifier shown is the tip amplifier. Other signals are 
connected to the summing node of the amplifier but only 
those components used for the offset generation are shown. 
The offset generated at the output of the tip amplifier is 
summed at the ring amplifier inverting input to provide a pos¬ 
itive offset from the battery voltage. The connection to the 
ring amplifier was omitted from Figure 4 for clarity, refer to 
Figure 2 for details. The typical component values for Figure 
4 are listed In Table 2. 

TABLE 2. TYPICAL COMPONENT VALUES FOR FIGURE 4 


VALUE 

REF DES 

VALUE 

lO^F 

R 

108kQ 

lOjiF 

Ri 

23.2kQ 


R 2 

lOkO 


The term Vp^o is defined to be the offset required for the 
pulse metering signal. The value of the offset voltage Is cal¬ 
culated as the peak value of the pulse metering signal. 
Equation 11 assumes the amplitude of the pulse metering 
signal Is expressed as an rms voltage. 

VpMO = (EQ. 11) 

The value of R-j can be calculated from the following 
equation: 

p . r ^ 2 ^ Y 5-VpMo i 

^1- R, + r1 


The component labeled R is the internal summing resistor of 
the tip amplifier and has a typical value of 108ka The value 
of R 2 should be selected in the range of 4.99kQ and lOkil 
Staying within these limits will minimize the parallel loading 
effects of the internal resistor R on R 2 as well as minimize 
the constant power dissipation Introduced by the divider. 

Solving equation 11 for 1 Vri^s results in a 1.414V require¬ 
ment for VpMo- Setting R 2 of Equation 12 to 10ki2 and sub¬ 
stituting the values for Vp^o and R yields 23.2kQ for R^. The 
value of R^ can be rounded to the nearest standard value 
without significantly changing the offset voltage. 

Voice Path Considerations 

The presence of the offset circuitry In the voice path alters 
the Input impedance seen by the voice signal. The input 
impedance for the standard application is equal to the value 


of R (108kl2) in Figure 4. The additional offset circuitry low¬ 
ers the Impedance to approximately Skfi which maintains a 
relatively high impedance for the voice driver. 

The configuration used also results in a high pass RC net¬ 
work as shown In Figure 5. 


4-WIRE SIDE 
* VOICE INPUT 


FIGURE 5. HIGH PASS NETWORK FORMED AT Vrx NODE 

The impact of the resultant high pass network Is negligible in 
the voice band, 200Hz to 3400Hz. The value of the Input 
impedance varies slightly over the voice band, 5.3kQ at 
200Hz versus 5.2kQ at 3400Hz. Replacing both capacitors 
with a short circuit (f = 00 ), the steady state value obtained is 
5.19kQ. The relatively constant input impedance implies the 
high pass corner frequency is well below the band of interest. 

Loop Length Considerations 

The additional offset required for pulse metering reduces the 
maximum loop resistance driven by the SLIC. For a loop cur¬ 
rent (II) of 25mA and battery voltage of -48V, the maximum 
loop resistance is equal to: 

p - - (- 4 + 48) _ . j-j 


For a pulse metering level (Vp^) of Wr^s and the same 
conditions as above the maximum loop resistance is: 

'l (EQ.14) 

The loop resistance terms in Equations 13 and 14 include 
the 200Q contribution of the SLIC’s sense resistors. There¬ 
fore, actual loop resistance is 200Q less than the calculated 
values in the above example. 

Cancellation of the Pulse Metering Signal 

There are many techniques available for cancelling the 
return pulse metering signal. The techniques range from fil¬ 
tering of the return signal to transhybrid cancellation. The 
selected approach varies from application to application and 
is dependent on the impedance characteristics of the line. 
The discussion to follow will address the transhybrid tech¬ 
nique of cancellation shown in Figure 6. 


1 +^...*. ^ Vtxo 

jr"i^EXTERNAL AMPLIFIER 

FIGURE 6. CANCELLATION OF THE PULSE METERING SIGNAL 
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The transhybrid cancellation technique that is used for the 
voice signal is also implemented for pulse metering. The 
technique is to drive the transhybrid amplifier with the signal 
that Is injected on the 4-wire side, then adjust its level to 
match the amplitude of the feedback signal, and cancel the 
signals at the summing node of an amplifier. 


NOTE: The external operational amplifier is used in the application 
as a “stand in” for the operational amplifier that is traditionally located 
in the CODEC, where transhybrid cancellation is performed. 


Referring to Figure 2, Vjx is the feedback signal used to 
drive the Internal amplifier (A1) that drives the OUTi pin of 
the SLIC. The voltage measured at Vjx is related to the loop 
impedance as follows: 


-200 ,, 

VtX = -Rj^ • VpM * ®PM 


(EQ. 15) 


For a 600i2 termination and a pulse metering gain (Gp^) of 
1 , the feedback voltage (Vjx) Is equal to one third the pulse 
metering signal on the 4-wire side. Note, depending upon 
the line impedance characteristics and the degree of imped¬ 
ance matching, the pulse metering gain may differ from the 
voice gain. The pulse metering gain (Gp^) must be 
accounted for in the transhybrid balance circuit. 


The following equation is used to calculate the output volt¬ 
age of the internal amplifier (A1) at OUTi: 


OUT, 


fKzO 

1= -[KRp 


^ZO 


(EQ. 16) 


The first term of the equation is the gain of the feedback signal 
through the internal amplifier. The second term is the gain of 
the injected pulse metering signal discussed in the Summing 
Amplifier Design section of this Application Note. The polarity 
of the signal at OUTi is opposite of Vpi^ allowing the circuit of 
Figure 6 to perform the final stage of transhybrid cancellation. 


The following equations do not require much discussion. 
They are based on Inverting amplifier design theory. The 
voice path Vrx signal has been omitted for clarity. All refer¬ 
ence designators refer to components of Figures 3 and 6 . 




\/ m ^ 

KRp 

R 2 - 



(EQ. 17) 


The first term refers to the signal at OUTi and the second 
term refers to the 4-wire side pulse metering signal used to 
complete the transhybrid cancellation. Since ideal transhy¬ 
brid cancellation implies Vjxo equals zero when a signal is 
injected on the 4-wire side, Vjxo is set to zero and the 
resulting equation is shown below. 


KZp 


fVrx, 


1.^ J 

f ^ f ) 

IkRf 

RrmJ 

CM 

cc 

[''pm rJ 


(EQ. 18) 


Rearranging terms of Equation 18 and solving for R 3 results 
in Equation 19. This is the only value to be calculated for the 
transhybrid cancellation. All other values either exist in the 
application circuit or have been calculated in previous sec¬ 
tions of this Application Note. 


Ro = 


0 

N 

f- 200 .GpM 1 


[Rl.KRp RpmJJ 


(EQ. 19) 


The value of R 3 (Figure 6 ) is 8.25kQ given the following set 
of values: 

KZo = 60kQ, KRp = 20kQ, Rl = 600a Rg = 8.25kQ, 

RpM = 30kU GpM = 1 

Substituting the same values into Equations 15 and 16, it can 
be shown that the signal at OUT 1 Is equal to -Vp^. This result, 
along with Equation 18 where R 2 equals to R 3 , indicates the 
signal levels Into the transhybrid amplifier are equal in magni¬ 
tude but opposite in phase, thereby achieving transhybrid bal¬ 
ance at Vjxo- 
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AC Voltage Gain for the HC5509 Series of SLICs 

Authors: Don LaFontalne Ed Berrios 


Introduction 

The HC5509 Series of SLICs use feedback to synthesize the 
impedance at the 2-wire tip and ring terminals. This feed 
back network determines the AC voltage gains for the SLIC. 

This application note will discuss the basic AC operation of 
SLIC. The DC operation and the requirements for imped¬ 
ance matching are discussed in application note AN9607 
“Impedance Matching Design Equations for the HC5509 
Series of SLICs” and Is recommended reading as accompa¬ 
niment to this application note. 

The analysis will use the HC5509B as the basis for the dis¬ 
cussion. The same analysis is applicable to the 
HC5509A1R3060, HC5524 and the HC5517. 

AC Voltage Gain Design Equations 

The 4-wire to 2-wlre voltage gain (Vrx to Vtr) is set by the 
feedback loop shown in Figure 1. The First Feedback Loop 
senses the loop current through resistors R 13 and R 14 , sums 
their voltage drop and gains it up by 2 to produce an output 
voltage at the Vjx P>n equal to +4RsAlL. This voltage is then 
fed back into the tip current summing node via the VpB pin. 
The current into VpB is equal to: 


The Vjx voltage is also fed into the -IN input of the SLIC’s 
internal op-amp (Feedback). This signal is gained up by KZq/ 
KRp then fed into the tip current summing node via the 
OUT1 pin. (Note: the Vrx pin and the internal +2V reference 
are grounded for the AC analysis.) The current into the 
OUT1 pin is equal to: 

I _ (EQ. 2) 

'OUTI - 2R [Rpj 

Equation 3 is the node equation for the tip amplifier summing 
node. The current in the tip feedback resistor (Ir) is given in 
Equation 4. 


The voltage Vq is then equal to: 
Vc = (Ir)(R) 


Vq - 2RsAIl 1 - ^ + Vpx 


and the AC voltage at Vq is: 


Vp - - 2 R 5 AIJ1 ^ + Vpx 


NOTE: Vbat/ 2 is grounded for AC analysis. 

The values for Zq and Rp are selected to match the Imped¬ 
ance requirements on tip and ring, for more Information ref¬ 
erence AN9607. The following loop current calculations will 
assume the proper Zq and Rp values for matching a 600Q 
load (reference Table 1). 

TABLE 1. FEEDBACK RESISTORS FOR MATCHING A 600D 
LOAD 


PART 

Rp 

Zo 

HC5509B 

20 kQ 

60kQ 

HC5509A1R3060 

20 kO 

30kQ 

HC5524 

20 kQ 

50kQ 

HC5517 

40kQ 

40kQ 


The loop current (AIl, Figure 1) with respect to the feedback 
network, Is calculated in equations 8 through 11. Where Zq = 
60k£2, Rp = 20kQ, R|_ = 6 OOD 1 , Rn = R 12 “ i^i 3 ~ “ 500. 


R, +R. 


2x|^2RsAIl|^1-^ 
= R, +R..+R.„ + R. 


-•11 -rni2-r ni3-rni4 


4RsAIl 

4RsAIl| 

'^1 

/rx _ 0 

(EQ. 3) 

Al. = 

2Vpx-400AlL 

2R 

2R 1 


r R ““ 



800 

4RsAIl 

4RsAIl 


1 Vrx 

(EQ. 4) 


Vrx 

2R 

2R 


I 


AIl = 

600 


(EQ.11) 
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Equation 11 is the ioop current with respect to the feedback net- Tabie 2 iists the AC voitage gains for the HC5509 famiiy of 
work. From this, the 4-wire to 2-wire and the 2-wire to 4-wire AC SLICs: 

voltage gains can be calculated. Equation 12 shows the 4-wire TABLE 2. AC VOLTAGE GAINS 

to 2-wire AC voltage gain is equal to one. Equation 13 shows AC GAIN AC GAIN 

the 2-wlre to 4-wlre AC voltage gain is also equal to one. 4-WlRE TO 2-WlRE TO 

Vqy dadt fi tAfiDC A iKfine 


Vtr 


200 ^( 3 ) 


1 (EQ.13) 


PART 

HC5509B 

HC5509A1R3060 

HC5524 

HC5517 


AC GAIN 
4-WIRE TO 
2-WIRE 


AC GAIN 
2-WIRE TO 
4-WIRE 


FEEDBACK 

( 2 ) 


Rl^|aIl 


+ ^II- 

Ri3 

2 

--1 

Rii * R 

- A 

12 ® Ri3 ® Ri4 * Rs 

-1 


R R 

Ri4 



- AIl + - AIl + 



NOTE: Grounded for AC Analysis 


^ (SEE NOTE) 

FIGURE 1. AC VOLTAGE GAIN AND IMPEDANCE MATCHING 
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Introduction 

With the need for faster and faster data communications for 
the home and office, more and more people are turning to the 
ISDN (Integrated Services Digital Network) line as a solution. 
The standard data modem that operates over a twisted pair 
telephone line has been traditionally limited to 28,800 B/s. 
Compression algorithms and special modulation techniques 
have pushed the data rate to the extremes. The limited band¬ 
width of the twisted pair and standard central office SLICs and 
CODEC’s puts an upper limit on the possible data rates. The 
industry has just about reached that limit. There are quite a 
few options available to increase the data rates to the outside 
world including ADSL7VDSL modems, bringing a T1 connec¬ 
tion straight to the computer (1.544 Mb/s - typical for video 
teleconferencing setups), and even fiber optic cabling. How¬ 
ever, most of these options are very expensive or are not yet 
available in all areas of the country. ISDN provides an afford¬ 
able, available, supported solution to the need for higher data 
rates. 

This application note includes a brief discussion of ISDN and 
ISDN signaling, the use of the HC5517 as an Interface 
between the anaiog subscriber side and the digital ISDN 
line, and provides a detailed description of the hardware 
interface. A good understanding of the hardware Is neces¬ 
sary to understand ISDN protocol so that software can be 
written to properly control the SLIC and translate analog 
queues into ISDN signal commands. The discussion of the 
hardware will include the SLIC, the power supply, all appro¬ 
priate signaling circuitry, glue circuitry to a standard anaiog 
interface, and battery backup recommendations. 

Implementing ISDN in the Home or Office 

ISDN is an entirely digital system, it is not backwards com¬ 
patible with any of the analog equipment on the market 
today (telephones, fax machines, modems, answering 
machines, etc.). To allow backwards compatibility, a method 
is needed to allow an analog device to be plugged Into the 
ISDN line. That need has pushed the creation of the HC5517 
ringing SLIC. The concept is actually simple: move the stan¬ 
dard SLIC (Subscriber Line Interface Circuit) and CODEC 
that normally controls a telephone from the central office to 
the home. 

Having the SLIC/CODEC local presents a new set of chal¬ 
lenges for the designer. The standard telephone commands 
and signaling techniques must now be taken care of locally. 


and perhaps more importantly the ring signal must be gener¬ 
ated locally. The HC5517 SLIC allows the ring signal to be 
routed and driven through the SLIC instead of using relays 
and high power high voltage generators to ring the phone. 
The functions of an At The Home SLIC (ATH SLIC) will be 
discussed shortly, but suffice it to say that the HC5517 will 
make the ringing function easier and cheaper than conven¬ 
tional methods. 

ISDN Basics 

Data Rates and Services 

it is important to note that an ISDN line in any form is a true 
digital interface to the service provider, and ail the data rates 
discussed below are true digital rates and not analog modu¬ 
lated digital information. 

ISDN service comes in two forms: Basic Rate Interface 
(BRI), and Primary Rate Interface (PRI). BRI is the typical 
ISDN line purchased by individuals and most small busi¬ 
nesses. it consists of a total possible data rate of 128KB/S 
with a 16KB/S data channel added for signaling and control. 
The 128K total throughput can be broken down into two dis¬ 
tinct digital channels of 64KB/s each called Bearer (B) chan¬ 
nels. The 16KB signaling and control channel is referred to 
as the D channel. Therefore, the BRI is commonly referred to 
as 2B + D Indicating two 64K channels for data and one 
16KB data channel for signaling. Each B channel is indepen¬ 
dent and two separate calls can be made at the same time 
by making use of both B channels, or they can be synchro¬ 
nously combined in software with the proper protocol to pro¬ 
vide a total of 128K to a single destination. The PRI is simply 
a large grouping of B channels that can be purchased at 
great expense for very high speed communications. This 
interface is usually only purchased by larger corporations or 
service providers but is Included here for completeness. The 
total bandwidth of the PRI is based on the predominant car¬ 
rier trunk In the area, so in the US the total bandwidth Is 
1.544MB/S (T1) and In Europe it is 2.048MB/S (El). The 
1.544MB/S is broken down into 24 individual 64KB lines one 
of which is reserved for signaling much like the 2B + D line. 
Therefore the PRI In the USA is commonly referred to as a 
23B + D connection. 

The basic 64KB/s data rate is derived from the present ana¬ 
log system. The typical bandwidth of standard analog tele- 
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phone connection is very nearly 3,500Hz or 4,000Hz if 
rounded up to the nearest thousand. Nyquist tells us that we 
must over sample by two to get an accurate reproduction of 
the digitized waveform; that brings us to 8K, If we take 8 bits 
of data for each sample that indicates that the primary band¬ 
width needed for a standard analog connection is 64KB/s. It 
is therefore logical that the standards should use this rate 
since the equipment already in place must be utilized. So 
each B channel assigned is treated like any other digitized 
analog connection once it reaches the switch (more or less). 

Interface Breakdown 

With a 2B + D entering the home, the next major goal is to 
connect an analog device to it via some interface box. The 
interface solution can vary depending on what kind of device 
is being plugged in as well as where it is located (see Figure 
1). The two wire connection that the service provider installs 
is generally referred to as the U interface. It is transformer 
coupled and generally converted to a four wire S interface 
that can be distributed within a reasonable distance within 
an office. The U interface is a standard RJ11 jack and the S 
interface is usually an RJ45 jack like a standard Ethernet 
connection. Unlike an analog telephone, only one device can 
be plugged into a U interface at a time. This is the primary 
reason for converting to an S interface; up to 8 devices can 
be plugged into an S interface and each can have its own 
unique address. An obvious conflict arises if three different S 
interface devices each request a B channel and the U inter¬ 
face is a standard 2B + D connection; one of them simply 
has to wait. The S interface is extremely useful if the number 
of users is small and the individual usage times are short, or 
if there are a number of different devices that are to be 
plugged In. The device that converts from U to S is called a 
Network Termination (NT-1) and can either be a stand alone 
device or it can be built into a LAN card. The final interface is 
generally a high speed serial port like RS232. A device can 
be purchased to convert from U or S to RS232 and is 
referred to as a Terminal Adapter (TA). TAs can also be pur¬ 
chased as stand alone or Integrated units. These are prima¬ 
rily useful if all IRQs or ISA/PCI slots are used up, or if the 
desired device needs to be backwards compatible with stan¬ 
dard Hayes modem commands and normal communications 
software. 

The NT-1 

This primary conversion point is an ideal spot for an analog 
port for a standard telephone connection. This provides a 
main port access to standard communications systems for 
system check and ease of initial setup. If any part of the sys¬ 
tem is working it is likely to be the U interface since it is the 
direct line to the service provider. An analog port here with a 
simple battery backup is also necessary for emergency com¬ 
munications in the event of a power failure. The closer to the 
U interface the more likely a connection can be established. 
The HC5517 ringing SLIC described below makes the ana¬ 
log port interface a simple task. 

The ISDN Modem Card (NT-1 Included) 

Since the U Interface is the primary connection to the home, 
most ISDN modems available on the commercial market will 
most likely include an NT-1 on board so that there is no 
accessible S interface. This is primarily because the vast 


majority of users will only need one connection per site. A 
card that plugs directly Into the U interface and provides con¬ 
version to ISA or PCI is the most likely place to have an ana¬ 
log port or two. An analog port provides the user with the 
ability to utilize standard telephones as well as fax machines, 
answering machines, modems, and even caller ID services. 

The S-BUS ISDN Modem Card 

The S interface LAN card while functionally similar to the 
standard ISDN modem card does not include an on board 
NT-1. The typical S interface card plugs Into an external NT-1 
via an RJ45 connector and is typically located within a few 
hundred feet of that NT-1. These modems are primarily used 
in small businesses and multiple computer sites that ail 
require periodic ISDN access. The inclusion of analog ports 
in these cards is identical to that of the standard ISDN 
modem. 

Basic Signaling 

For purposes of this discussion, it will be assumed from here 
on that we are talking about an analog port that is to be 
installed into a standard ISDN modem that plugs directly into 
a PCI or ISA slot. A separate 1C vendor will provide the nec¬ 
essary devices to get from a U interface to a four wire analog 
interface. 

If we make the basic assumption that the hardware is in place, 
then we can focus on analog port control software. The soft¬ 
ware driving the modem that runs on the host PC must con¬ 
vert the ISDN commands into the proper signals needed by 
the HC5517 SLIC. The basic interface signals include audio 
in, audio out, ring generation, switch hook detection, ring trip 
detection and power supply control. With the exception of the 
audio signals, these can be any set of I/O pins controllable 
and readable by the host processor. These hardware connec¬ 
tions are shown in detail in the hardware section, but first the 
steps needed for connection will be discussed. 

Call Setup Protocol 

The process of making a call on ISDN is roughly similar to 
the progression of a standard telephone call. For the pur¬ 
poses of this discussion, an ISDN call will refer to the pro¬ 
cess of establishing a link to another computer over an ISDN 
line and is not necessarily analog port to analog port. The 
actual service desired (voice, 3.1KB analog, or pure data) 
that is to be transmitted on the B channel can either be 
established during call setup or after call connection as a 
function of normal B channel communications. This setup of 
the channel is referred to as out-of-band if done during setup 
and in-band if done after the B channel Is connected. Out-of- 
band is most common for telephony connections via the ana¬ 
log port, and In-band setup is most common for data and 
3.1kHz analog (analog modem use). Since a telephone con¬ 
nection normally takes place during call setup, that is the 
most logical situation to discuss. The following connection 
process would also take place In the same basic order for 
the in-band condition. 
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“U” INTERFACE 


2 WIRE TWISTED 
PAIR (STANDARD 
TELEPHONE LINE) 


ANALOG 

PORT 


TERMINAL ADAPTER 


RJ11 
[2] JACK 


0000 


BATTERY BACKUP I 


ANALOG 

PORT 


^ UP TO 
8 “S” INTERFACES 

0 I2II2||2]C]|21 o 


TO COMPUTER # 1 


“S” INTERFACE 


4 TO 8 WIRES 


TERMINAL ADAPTER 


ANALOG 
^ PORT 


TO COMPUTERS 


1. Only one device can be plugged into the “U” interface at a time! 

2. Local battery backup is necessary only if ISDN is the only communication line into a home or residence since it is not provided by the 
telephone company. A power outage would make communication on ISDN impossible without local battery backup. 

FIGURE 1. INTERFACE BREAKDOWN 


For the sake of brevity, the call setup process will be discussed 
on the level seen by the host software. It Is not necessary at this 
point to get into the actual bit stream commands at the two wire 
level. To properly envision the process we will consider that only 
three distinct computers are Involved: the originator, the net¬ 
work (the computer controlling the network switch), and the 
Receiving computer (see Figure 2). 


The basic steps are Setup, Call Proceeding, Alerting, Connect, 
and Connect Acknowledge. These five steps, If identified cor¬ 
rectly in software, can be used as the breaking points for proper 
SLIC control. It should be noted that the D channel of the U 
interface Is normally active and communicating with the central 
office. A connection usually refers to the connection of the B 
channels only. 
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ORIGINATING 

COMPUTER 


NETWORK 

COMPUTER 


RECEIVING 

COMPUTER 



FIGURE 2. CALL SETUP PROTOCOL AN CALL RELEASE 


Setup 

The “setup” step is analogous to dialing an analog tele¬ 
phone. During this process a number of packets are sent 
over the D channel specifying the originating telephone num¬ 
ber, the destination phone number, the quality of line 
required, the type of transmission to follow including the 
compounding method if telephony is selected (p law or A 
law). 


This packet Is received by the network and passed on to the 
receiving station. Just after the network passes this packet 
on (sometimes with slight modification), the network returns 
a “call proceeding" message back to the originator. There is 
no direct equivalent in the analog world with the possible 
exception that a series of clicks or varying static can be 
heard after completing a DTMF sequence and before ring 
back begins. The next step Is totally dependent on the 
receiving station. It has to acknowledge the receipt of the 
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setup packet and return an “alerting" message to the net¬ 
work. The network passes this “altering” message on to the 
originating station as a “call proceeding” message. This “call 
proceeding” message is equivalent to ring back in an analog 
system. At the receiving end, the NT-1 passes the “setup” 
message on to the end user that may be connected directly, 
via an S interface, or via a terminal adapter. If a B channel is 
available and if the intended receiving station accepts the 
call, it Issues a “connecf command to the network. The net¬ 
work passes this command back to the originating station as 
a “connect acknowledge” message and opens a B channel 
for both the receiving station and the originating station. The 
originator processes the “connecf message received and 
begins to communicate on the B channel with the type of 
service requested by the original “setup” message. At this 
point synchronization on the B channels takes place and 
communication begins. 

Call Release 

The process of call release (hang-up) is quite straightfor¬ 
ward. It can be initiated by either end of the call in progress 
at any time since the D channel does not have to wait for any 
particular pause in the B channel(s) In use. A disconnect sig¬ 
nal is sent to the network on the D channel, passed on to the 
opposite station, and both sides then disconnect their 
respective B channels as does the network. It should be 
noted that timers similar to those in an analog interface are 
used by the network to make sure that no phase of setup or 
call release hangs up and a line holds open. 

Services Provided and Handshaking 

Simply stated, a service is a method of communication over 
a B line. This can take the form of a pure data connection 
using one of the more common protocols such as Point to 
point Protocol, Multilink Point to Point Protocol or the service 
can be specified as a telephone voice connection or as a 
3.1 kHz analog connection for analog modem use. Of course, 
there are a number of other services such as teleconferenc¬ 
ing over a B line, but the three just mentioned are the most 
common. The two that are of particular interest here are the 
two analog services. They may seem arbitrary, but specify¬ 
ing one or the other actually optimizes the total bandwidth 
and the bit error rate of the line in use. Some of the original 
specs governing ISDN separated these into two categories 
defining mostly the quality of the line assigned. A voice con¬ 
nection can stand to lose a little data here and there, where 
a modem connection cannot. 

Interface Functions 

In every telephone system there has to be some way to 
transform the analog voice signals to a digitally coded bit 
stream. In a standard telecommunications application, that 
part is called a CODEC. It provides the Analog to Digital (A/ 
D) and Digital to Analog (D/A) function between the four wire 
transmit/receive interface to the two wire analog world. It 
also performs a function called companding that reduces the 
overall bandwidth of the signal. A part is needed in the ISDN 
world that provides a similar function as well as telephone 
control, ring signaling, status detection, and power control. 
One family of parts that provides these functions is the 
ARCOFI® by Siemens. Although Initially designed to power a 
separate microphone and loudspeaker for implementing a 


crude speaker phone, the ARCOFI makes a good starting 
platform for the analog interface by providing the following 
functions: 

a) Analog to Digital Interface. 

b) Digital to Analog Interface. 

c) Switch Hook Detection Interface. 

d) Ring Trip Detection Interface. 

e) Power Supply Control. 

f) Ring Signaling Including Ring Cadence Generation. 

g) Two Wire Power Denial for rEfusing Access to the 

ISDN Line Through the Analog Port. 

h) Companding (p-Law or A-law Selectable), 
sue Functions 

The HC5517 SLIC provides the two wire to four wire inter¬ 
face, as well as most of the standard Borscht functions 
needed to completely control the telephone. The basic goal 
is to make the RJ11 analog port on the ISDN modem card 
as close as possible to a standard telephone line. The 
HC5517 accomplishes this by providing the following func¬ 
tions: 

Loop Current Generation 

The loop current provides a medium for incoming and outgo¬ 
ing calls to take place, as well as providing power to any 
DTMF generation circuitry in the phone. Programming of the 
maximum loop current is performed by resistors R^o and R 28 
(see Figure 3). Since an ISDN modem application is typically 
very short loop, the total two wire voltage as well as the loop 
current are both limited to prevent overheating of the SLIC 
and wasted power In the modem. 



FIGURE 3. LOOP CURRENT GENERATION 
Switch Hook Detection 

The SHD pin on the HC5517 goes low whenever the tele¬ 
phone goes off hook. This provides an indication of the sta¬ 
tus of the telephone set as well as providing a signal to the 
ISDN interface to begin an ISDN connection upon call initia¬ 
tion. 

Ring Trip Detection 

The RTD pin on the HC5517 goes low whenever the tele¬ 
phone goes off hook during a ring period. This provides sig¬ 
naling to the ISDN interface to stop ringing and answer the 
Incoming call on the ISDN line by sending a CONNECT 
command to the network. 


ARCOFr is a Registered Trademark of Siemens. 
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Ring Generation the ringing voltage to be at least 40 Vrms a* 20Hz. Some other 


This function of the HC5517 is the primary advantage of using '"^'cate that aii phones wiil ring with a peak of 56 Vrms 

this type of SLiC over a standard Central Office SLIC. The ^nd a crest factor of only 1.2, however that is not the case. A 
standard topology to ring a telephone is shown in Figure 4. } ^rest factor is need^ to nng rnany newer phones 

such as those produced by Northern Telecom. 



FIGURE 4. BATTERY BACKED RINGING 

Typically the SLIC Is removed from the two wire side by a 
DPDT relay which then inserts a high current 20Hz AC signal 
biased on top of which is typically -48 Vqq. The resulting 
waveform is also shown in Figure 4. This is called battery 
backed ringing since the 20Hz AC signal is backed or biased 
up by the battery voltage. Obviously this method requires a 
separate high power AC signal generator precisely tuned to 
20Hz; that can get expensive and bulky. This is the type of 
ringing approved by TR57 and required for all central office 
applications. However, since the ISDN modem is not con¬ 
nected to the standard analog telephone system, and is there¬ 
fore not directly governed by that part of the TR57 spec, some 
liberties can be taken to allow a much simpler design that is 
much more cost effective. 

The HC5517 topology to ring a telephone Is shown in Figure 
5. Instead of removing the SLIC from the two wire lines as in 
the standard central office topology, the SLIC is left connected 
and the ring signal is supplied by the large amplifiers feeding 
the tip and ring lines internal to the SLIC. If the control line 
(RC) goes high, the SLIC is put Into ring mode. In this mode 
the tip and ring terminals both slew to Vbat/ 2 (40V If the Vbat 
power supply Is at 80V). Any signal on the Vrinq pin Is multi¬ 
plied by a gain of 40 and appears across the tip and ring 
amplifiers. The rest of the hardware Involved in this process 
will be described in the “Glue Circuitry” section. 

The circuit In Figure 5 provides balanced non battery backed 
ringing at power levels adequate to ring 3 REN. A REN (Ring¬ 
ing Equivalency Number) is defined in the FCC specs as a 
standard Impedance by which telephone systems can be 
measured and tested. A single REN is generally equivalent to 
an old desktop telephone with mechanical bell ringers. There¬ 
fore, the HC5517 would be capable of ringing up to three of 
these old phones. The vast majority of newer phones use 
piezo or other electronic ringers that make use of only a frac¬ 
tion of a REN. In that type of situation many phones could be 
rung simultaneously. The ring signal is also not battery 
backed; this brings the peak voltages down to a much lower 
level that is simpler and cheaper to generate and creates less 
of a safety issue inside the computer (see Figure 5). Tele¬ 
phones and other equipment only respond to the AC RMS 
signal, so the lack of a DC bias Is not a requirement for ring. 
The primary requirement to ring ail telephones reliably is for 



FIGURE 5. BALANCED RINGING 

it should be noted that 20Hz is critical since most phones are 
tuned to respond to a very narrow frequency band around 
20Hz. The HC5517 will easily generate the ring signal at this 
frequency with any desired wave shape. There are three main 
options for wave shape In the present industry: square wave, 
trapezoidal wave, and sine wave. TR57 requires a sine wave 
1 o reduce channel to channel interference and provide the 
highest possible energy to the telephone. A square wave is 
composed of the primary and an infinite number of harmonics 
that cause interference in adjacent channels and become 
merely unused energy as the telephone ringer filters out 
everything but the primary 20Hz. A trapezoidal wave is a com¬ 
promise of the two. It also wastes some energy in the harmon¬ 
ics and creates a noisy ring signal. Therefore, the sine wave is 
preferred whenever possible. The HC5517 SLIC will drive any 
of the above ring signals and provides the most options for 
ringing of any SLIC on the market. 



FIGURE 6. sue CONTROL AND INTERFACE 
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SLIC Control and Interface 

For the most robust control of the analog port, 5 digital I/O 
lines are needed for communication with the ISDN interface 
(see Figure 6). These 5 lines can come directly from a 
device like the Siemens ARCOFI, any controller connected 
to the S or U Interfaces, or directly from the host processor 
by way of the Peripheral Component Interconnect (PCI) or 
Industry Standard Architecture (ISA) bus. The 5 signals 
needed are Switch Hook Detect (SHD), Ring Trip Detect 
(RTD), Ring Cadence (RC), F1 (power denial pin), and Bat¬ 
tery Switch (B1). SHD and RTD are described above in the 
SLIC functions section. RC is the Ring Cadence input to the 
SLIC circuitry that gates the sine generator connection to the 
Vring £ind switches the transistor to create the proper 
DC bias on the Vrinq pin for optimum balanced ringing. RC 
is normally provided by timing generators that produce a 
variety of pattern as shown in Table 1. F1 is an input to the 
SLIC that will put the system in a low power mode. This lim¬ 
its loop current to the two wire side which disables voice and 
Dual Tone Multi Frequency (DTMF) signals from an external 
handset. It can be used to password protect the analog port 
for cost savings since the use of a standard telephone line (If 
available) is generally cheaper. Finally the B1 is used to 
switch from the ringing voltage of -80V to the active voltage 
of -27V. 

TABLET DISTINCTIVE ALERTING PATTERNS 
I INTERVAL DURATION IN SECONDS I 


TERN 


RING¬ 

ING 

SILENT 

RING¬ 

ING 

SILENT 

RING¬ 

ING 

SILENT 

0.4 

0.2 

0.4 

0.2 

0.8 

4.0 

0.2 

0.1 

0.2 

0.1 

0.6 

4.0 

0.8 

0.4 

0.8 

0.4 

- 

0.4 

0.2 

0.6 

4.0 

- 

1.2 

4.0 

- 

* 

- 

1±0.2 

3 ±0.3 

- 

- 

- 

0.3 

0.2 

1.0 


0.3 1 

4.0 


TABLE 2. LOGIC STATES FOR APPLICATIONS REQUIRING 
FAX AND ANSWERING MACHINE OPERATION 


STATE 

RC 

F1 

B1 

BATTERY 

(V) 

Standby (On-hook) 

0 

1 

0 

-80 

Ringing (On-hook) 

1 (Pulsed) 

1 

0 

-80 

Active (Off-hook) 

0 

1 

1 

-27 

Power Denial 

X 

0 

X 

X 


48V potential across the two wire interface during standby 
operation. In the standby state the application circuit limits the 
tip to ring voltage to within the Maintenance Termination Unit 
(MTU) voltage of -42.25 to -56V. The MTU voltage is gener¬ 
ated by using the breakover voltage of the external zener 
diode (D11) to set the internal reference voltage. The MTU 
potential across the tip and ring wires Is not necessary for nor¬ 
mal telephone operation, but some fax machines, answering 
machines, and test equipment look for an MTU voltage to sig¬ 
nal on hook active lines. If a system does not need to support 
fax or answering machines, the -27V supply can be used dur¬ 
ing all modes except for ringing, see Table 3. 

TABLE 3. LOGIC STATES FOR APPLICATIONS NOT REQUIR¬ 
ING FAX AND ANSWERING MACHINE OPERATION 


BATTERY 

(V) 


Standby (On-hook) 
Ringing (On-hook) 
Active (Off-hook) 
Power Denial 


1 (Pulsed) 1 


Power Needs 

For standby and ringing modes, the SLIC requires -80 Vdc 
and for the off hook active mode the SLIC can be operated at 
-27 Vdc power conservation (see Table 2). The -80V pro¬ 
vides the high energy needed to ring a telephone during the 
ring period and provides a high enough voltage to create a - 


Supply currents are minimal since an ISDN modem is truly a 
short loop application. During the on hook mode, the 80V 
source only needs to supply a maximum of a few milliamps 
to the SLIC and its supporting circuitry. During the active 
mode, the current around the two wire loop is set by external 
resistors usually somewhere in the range of 25 to 40mA. 
Therefore the total supply current will be the loop current 
plus about 5mA for SLIC Internal use. During the ring mode 
the largest amount of power is needed. If we assume that a 
single REN Is roughly equivalent to 8000Q resistive (a rough 
approximation strictly for power consumption calculations) 
then it can be shown that for each REN connected to a 
40 Vrms/56.6Vpeak wire interface about 7mA of current 
will be drawn. The maximum power will be drawn at the high¬ 
est load of 3 REN supported by the HC5517. This creates 
about 21mA around the two wire loop. The SLIC Itself draws 
about 10mA of internal current during the ring mode so the 
total is about 31 mA at 80V for a fully loaded ringing SLIC. 

Hardware 

The Two Wire Side 

The two wire Interface Is the user interface of the analog 
port. It consists of a pair of wires that closely emulates a 
standard telephone jack. The polarity of these wires for nor¬ 
mal operation is irrelevant. This Interface is shown to the left 
of the SLIC in Figure 11 and the supporting components 
include the diode bridge (D1-D4) and the four feed/sense 
resistors (R11-R14). The diode bridge provides a small 
amount of surge protection for the circuit. Any voltage higher 
than Vbat oi" lower than ground is chopped off and prevented 
from reaching the SLIC. 

The “Giue Circuitry” 

A number of intermediate functions can be controlled by 
external discrete components around the SLIC such as loop 
current, two wire impedance, transhybrid balance, DC ring 
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bias, short circuit protection, MTU voltage, and ring trip 
detection. The application note for the HC5517 evaluation 
board includes parts for pulse metering, but since ISDN 
does not perform that function those components will not be 
discussed here. 


The loop current can be set by adjusting resistors R10 and 
R28. The ratio of R10 to the set resistance on R28 deter¬ 
mines the current limit for the two wire loop. The current limit 
Is determined by the following equation: 


I, 


: 0 . 6 - 


(Riq + Rpo) 


200 X R« 


(EQ. 1) 


Resistors R8 and R9 should be set to provide a gain of one for 
the internal transmit op amp. This sets the two wire imped¬ 
ance, as well as the transhybrid balance circuit input. More 
information on impedance setting can be obtained in Applica¬ 
tion Note AN9607. A good choice would be 40K resistors as 
shown in the schematic. C8 provides AC coupling to block the 
bias generated by the loop current limit pot R28. 


Transhybrid balance refers to the electrical canceling of the 
input signal in the SLIC output. This is necessary because of 
the full duplex nature of the two wire interface. [Both received 
signals (from the ISDN interface) and transmitted signals 
(from the handset microphone) are simultaneously present 
on the two wire Interface. Both then appear on the transmit 
line on the output of the SLIC. If not canceled, the signal 
originally received from the network would be retransmitted 
to the network causing an Intolerable echo on the line, mak¬ 
ing communication almost impossible. The simple solution is 
to remove the original input signal from the signal transmit¬ 
ted to the network. Simply (In + Oul)-ln = Out. This is accom¬ 
plished by creating a resistive network around an op amp 
that sums the currents into a node. The original input signal 
goes into the node as +ln, the summed signal comes out of 
the SLIC as (-In) + (-Out) and the result is (+ln) + (-In) + (- 
Out) =-Out. The result is inverted by the external op amp and 
simply becomes +Out. Transhybrid balance therefore, mea¬ 
sures the ability of this circuit to cancel the input signal. A 
number of elements factor in to the value of transhybrid bal¬ 
ance, but the better the impedance matching, the better the 
transhybrid balance and the less echo present. The only 
other thing to note is the gain of three in the external op amp 
circuit. This is necessary because of the HC5517’s internal 
gain of one third. Reference Application Note AN9628 “AC 
Voltage Gain for the 5509 Series of SIIC’s”. 


As previously mentioned, when the RC Input goes high the 
external application circuitry puts the tip and ring voltages at 
Vbat/2 to provide the most headroom for differential ringing. 
The circuit used to generate the centering voltage is shown 
In Figure 7. 


The circuitry within the dotted lines is internal to the HC5517. 
The value of the resistor designated as R is 108kQ and the 
resistor R/20 is 5.4kQ. The tip amplifier gain of 20VA/ ampli¬ 
fies the +1.8 Vdc at VC to +36 Vdc and adds It to the internal 
4 Vdq offset, generating -40 Vdc at the tip amplifier output. The 
-40V dc offset also sums into the ring amplifier, adding to the 
battery voltage, achieving -40V at the ring amplifier output. 


+5V 



FIGURE 7. BALANCED RINGING 

The 1.8V is applied to the Vri^q pin when the pnp transistor is 
turned off by the high on RC. This causes the resistors R18 
and R19 to create a simple divider from 5Vp0 along with a 
couple of forward diode drops. Putting the Vri^q input 
between the diodes has the effect of isolating the Vrinq pin 
from the resistor to ground seen In R18. That resistor would 
affect the longitudinal balance, 2-wire return loss and Idle 
Channel noise. 

A simple sine wave generator is needed to provide the proper 
voltage to the Vrinq pin. The proper voltage Is one that uti¬ 
lizes the entire headroom so as to provide the greatest ring 
energy to the telephone, while not being so large as to clip 
against the rails. The maximum tip to ring voltage is equal to 
Vbat minus the output transistor overhead of 6V (3V for tip 
and 3V for ring). The maximum tip to ring voltage with an 80V 
supply is 80 -6 = 74V. Therefore, the maximum input voltage 
to prevent clipping is approximately 1.3Vrms- (1.3*1.414*40 = 
74VpBAK ni' 52.33 Vrms)- Recall that 40 Vrms is the minimum 
voltage required to ring all telephones so there is considerable 
headroom In this design. Any input voltage from IVrms to 
1 .3Vrms will normally be acceptable. 

When the transistor (T2) is on (RC low) and Vbat/ 2 is greater 
than the zener diode (Dll) breakdown voltage, Dll clamps 
the maximum voltage on the Vref pin and thereby the ring 
feed amplifier voltage. The maximum DC output voltage of 
the ring feed amplifier (Vrdc) is given in Equation 2. 

^RDC “ 2(-V2 + (Vgg-VQg)) + 4 (EQ. 2) 

The Vrdc, with a 28V zener, is -52.6V (2(-28+0.3) +4). The 
MTU voltage is the ring voltage minus the tip voltage and is 
equal to -48.6V. 

Short circuit protection is simply provided by the capacitor 
Cl 6, Figure 11. When the metallic loop current exceeds the 
set reference level, the SLIC’s transconductance amplifier 
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sources current. This current charges up C16 in the positive 
direction, causing the ring feed voltage to approach the tip 
feed voltage, effectively reducing the battery feed across the 
loop which will limit the DC loop current. The value of the 
capacitor determines the speed of this reduction. 

The Ring Trip Detect circuit uses R15-R17, D5, and CIO to 
detect the negative high voltage peak when a handset Is lifted 
off hook during a ring interval. Under normal conditions during 
a ring mode, a high voltage differential sine wave is applied 
across a relatively high Impedance (up to 8 KC 2 for 1 REN). 
This creates a relatively low current and is sensed by the SLIC 
and output on the Vjx pin. When the handset is lifted off hook, 
the metallic contacts provide a much lower Impedance to the 
same applied ring voltage creating a significantly higher AC 
loop current. This difference in AC current is used for ring trip 
detection, by putting a trip point between the high and low 
level output voltages. All that has to be done is rectify that AC 
voltage, divide down the output voltages, and set a trip point 
in-between them. The trip point should be high enough to 
guarantee that noise does not cause an artificial ring trip 
detection yet low enough to guarantee that even with modest 
loop lengths and a variety of phones that removing the 
receiver from the hook crosses the trip point. The resistor 
divider simply sets this trip point to match the internal 0.24V 
reference. The capacitor provides a bit of a filter to damp out 
fast transients that might cause a false ring trip detect. The 
RTI pin on the SLIC is essentially an input to an internal com¬ 
parator that trips at 0.24V. To activate the RTD pin, at least 
0.24V must appear on the RTI pin. The resistors can be 
changed to create different trip points for different operating 
voltages and conditions. 

Test bar and RS pins should be pulled high by a 10K resistor. 

Sine Wave Generator 

There are literally hundreds of circuits that would provide a cost 
effective sine wave oscillator for use in the ring circuit, but one 
of the easiest to understand and implement is a simple Wein 
bridge oscillator. This straightfonA/ard circuit can be found in a 
majority of college texts and Is simple to derive. The basic 
assumption is that a circuit will oscillate according to the 
Barkhausen criterion. That is, a circuit will oscillate where the 
overall loop gain is one and the phase shift is zero, (see Fig¬ 
ure 9) The loop equations for the frequency response of the 
circuit are: 

R 

V - 1+1(RC) (EQ. 3) 

*n + j(o ” R .0.1 
1+j(RC)^'^"'iC 

Since we add Re and R 5 around the negative feedback path, 
the total loop equation reduces to: 


V) = hR: X - f —n 

I [3 + Jco(rC-^) 


Therefore, the frequency at which the circuit will oscillate is 
where the phase is zero or: 


And the gain to sustain oscillation needs to be a total of 1 
around the loop so: 

or Re/Rs = 2 

The amplitude of the oscillation can be controlled with a non¬ 
linear limiter around the entire loop. In this case the oscilla¬ 
tion needs to be set at 1 .SVpi^^s and the frequency needs to 
be kept as close to 20Hz as possible; in fact TR57 says it 
needs to be within 3Hz. The values shown on the schematic 
should do just that. The CA124 op amp can also be used in 
place of the CA324 If more precision is necessary. The resis¬ 
tor values should have a tolerance of 1 % and the capacitors 
should be 5% ceramics. 

ARCOFI Interface 

Whether the ARCOFI is used or one of the many other 
brands of interface chips, the basic interface idea is the 
same. These types of chips generally include a microphone 
input, a speaker output (amplified), a CODEC, a number of 
programmable timers, multiple programmable gain stages, 
and analog filters. The internal CODEC needs to be pro¬ 
grammed to the appropriate companding type for the area, 
and the gain stages should be set to transmit and receive a 
maximum of 2.5 Vpeak without clipping. The microphone 
input is used in a balanced configuration to receive the out¬ 
going transmission from the transhybrid balance circuit. The 
input is centered about 2.5V by using the internal Vref 
the ARCOFI tied to the non inverting input of the external op 
amp. There is also a diode clamp that limits the output of the 
amp to between +5V and ground. This is necessary to pro¬ 
tect the Input of the ARCOFI and may or may not be needed, 
depending on the interface chip used. The HOP pin is used 
for the receive signal from the network to the SLIC. It is gen¬ 
erally meant for a handset output, but the specs for its 
impedance and voltage capabilities more closely match the 
SLIC than any other output. The simplest implementation of 
the digital I/O Interface uses the four programmable pins on 
the ARCOFI for control and monitoring of the SLIC. 

^ +12V 




FIGURE 8. TYPICAL WEINBRIDGE OSCILLATOR 
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FIGURE 9. SIMPLE BOOST CONVERTER 


Simple Boost Converter 

The power needs for this type of circuit are new to computer 
cards. There will be no -80VDC supply available on the PCI or 
ISA bus so it needs to be generated locally. The first Issue is 
safety - does the supply need to be isolated? Probably not, 
since the primary supply from which it draws its power Is 
undoubtedly already isolated. Does it need overcurrent pro¬ 
tection? Again, probably not since the SLIC itself provides 
short circuit protection. However, since requirements vary 
from system to system, two different power supplies will be 
shown that would adequately support the analog interface. 
The simple boost converter is shown in the schematic and 
has the advantages of being the smallest and cheapest. The 
object will be to derive -27 and -80VDC from the +12V supply 
with a reasonably high efficiency and with a minimum parts 
count. 

The circuit basically consists of a dual op amp, a FET, an 
inductor, a rectifying diode, and some output capacitance (see 
Figure 9). The first amp on the left acts merely as an error 
amplifier. The resistors on its input form a voltage divider. The 
error amp tries to maintain a virtual ground on that pin so zero 
appears on that pin when the output voltage is correct. A 48K 
resistor would give -48V, an 80K resistor gives -80V, and a 
27K resistor gives -27V. Obviously it will be quite simple to 
change the output voltage by simply switching in different 
resistances to the bottom of the divider. The only precaution is 
that the switch needs to withstand a full 80V of potential. A 
simple relay is the most straightfon/vard method of switching. 
Note that a SPST relay can be used if it is put across the 53K 


resistor. When open the total resistance Is 53 + 27 = 80KW 
and when closed the total resistance is 27+(contact resis¬ 
tance) = ~27KW. This Is cheaper than using a SPOT relay 
with a 27K and an 80K resistor attached. The gain around the 
error amp is about 100 to set the sensitivity and accuracy of 
the supply. 

In any other application the next section to the right would be 
termed a peak detector, but upon further investigation the diode 
and cap Interact with the following op amp to form a simple mul¬ 
tivibrator. The basic circuit can be found in most college text¬ 
books, but the basic function is fairly straightforward. The 
resistors on the non inverting Input of the second amp form a 
resistor divider that sets the trip points of the “comparator'’. The 
trip points are skewed by the positive feedback to create some 
hysteresis. The basic triangle wave that the amp compares the 
trip points to Is generated by the resistors in the negative feed¬ 
back loop acting on C1. If the output is high, diode D1 is reverse 
biased and the total resistance between the 12V output and the 
cap Cl is a little more than 1MW. The cap will charge to the 
high trip point and cause the output of the amp to go low. This 
forward biases D1 and causes the total resistance between Cl 
and ground to be about 5.1 K. This discharges the capacitor 
rather quickly. This alternating charge and discharge sets up 
the basic triangle wave that translates to a square wave at the 
output of the amp, that in turn drives the gate of a P channel 
FET. A low output corresponds to the 5.IK time constant and 
sets the on time of the FET. If, the voltage detected by the error 
amplifier is too low, the off time is simply reduced by pre-charg- 
ing Cl with the error amplifier. Waveforms for the circuit are 
also shown in Figure 9. 
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FIGURE 10. ALTERNATE ISOLATED CONVERTER 


The rest of the circuit follows the well understood equations 
of an inverting boost converter. When the FET is on, the rec¬ 
tifying diode is reverse biased. The current in the Inductor 
ramps up linearly at a rate di/dt = Vin/L. After the on time 
(governed by the time constant of 5.1 K and 4.7nF) a total 
energy has been stored In the inductor of: 

E = l(Up2) (EQ-7) 

where the peak current is given by: 


When the FET turns off, the Inductor tries to maintain con¬ 
stant current so the voltage across it changes polarity and 
the peak current begins to flow through the rectifying diode 
and the output capacitor. This charges the cap up to a nega¬ 
tive voltage. If all of the energy stored in the inductor is trans¬ 
ferred to the output capacitor before the next turn on period, 
then the circuit is said to operate in discontinuous mode. 
This in fact is necessary for stability of the control loop. The 
total power delivered to the load is 
2 

(EQ.9) 

2 T 


^0 - ^inMon^^2TxL 


T = total period 

and of course P = V^/R so the output voltage can be found 
from Equation 10: 

Note that in this particular case the on time is held constant 
and the period is varied unlike a standard pulse width modu¬ 
lator where the opposite is true. 

The output capacitor must be capable of sustaining the out¬ 
put current during an entire cycle of the FET without allowing 
excessive droop. Since the cap must support the entire out¬ 
put current for a majority of the time, a fairly large value is 
required. 

Alternate Isolated Boost Converter 

Since system requirements periodically dictate more strin¬ 
gently designed power supplies, an alternate power solution 
is also available. If isolation, overcurrent protection, or over¬ 
temperature protection are needed, a simple boost regulator 
with an output transformer can be used. The simplest and 
most cost effective solution that provides all these features 
can be found in the HIP5061 family of controllers. The 
HIP5061 (see Figure 10) contains all the necessary compo¬ 
nents on a monolithic die to perform all the necessary func¬ 
tions involved in controlling a boost regulator (oscillator, 
PWM, OT, OC, precision reference, and Integrated FET). 
The only limitation of using the HIP5061 to Implement the 
telecom supply is that the HIP5061 has a maximum voltage 
rating of 60V. The output transformer needs to be a step up 
so that the primary can run at a lower voltage that is within 
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the range the HIP5061 can handle. A 4:1 transformer pro¬ 
vides a reasonable primary voltage. 

In order to keep the cost down, primary side control will be 
used (otherwise another isolation boundary must be crossed 
by either another transformer or an optocoupler). The same 
basic method of setting the output voltage applies to this cir¬ 
cuit except that the internal reference is 5.1V. So a 1.1K 
resistor on the bottom gives 24V and a 130Q resistor gives 
80V. 

A small rectifier and output cap on the secondary side is ail 
that is needed to provide sustained DC voitage. All protec¬ 
tion functions are taken care of internal to the HIP5061 so 
only those parts shown are necessary. This implementation 
is siightiy more expensive than the simpie boost converter 
but if the extra features are needed it provides a simpie 
topology. 

Battery Backup 

The local telephone operator provides a large battery bank 
at each central office to give emergency power to teiephones 
during the event of a power loss Even if eiectric power to the 
home is lost, the telephone line keeps working (although 
cordless and powered phones will obviously die). This is 
necessary since 911 and emergency services often need to 
be accessed during power outages. The ISDN line, however, 
has no battery backup provided by the telephone company 
to power the ISDN modem. That power has to come from the 
computer slot. It might not be necessary to provide battery 
backup for ISDN unless it is the only communication line into 
the home. Most homes will have ISDN and a standard analog 
telephone to provide emergency access, if ISDN is the only 
line, there are two methods for battery backup, if the NT-1 is 
an independent unit and it has an anaiog port with an HC5517 
SLID instailed, only the NT-1 needs battery backup. The rest 
of the devices on the S interface can go down, and the analog 
port on the NT-1 can still dial out. If the NT-1 is part of another 
card like a modem card, the entire computer with that card 
needs battery backup. These devices are very reasonably 
priced and will also prevent data loss in the event of a power 
failure. An uninterruptable power supply can be constructed 
fairly simply using Application Note 9611 “A DC-AC Isolated 
Inverter Using the HIP4082’’ with a few minor modifications. A 
gel cell battery provides a reliable long life energy source that 
can be continuously trickle charged. 


Options 

To simplify the design a number of things can be done. 

For instance, it Is not necessary to distinguish between 
switch hook detect and ring trip detect. These signals could 
be or’d together to create a detect output to the ISDN inter¬ 
face. All that needs to be known is whether the phone is off 
hook or on hook. 

Depending on what voltage choices have been made, that 
off hook condition could be used to also control the power 
supply (for Instance if we choose to have 80V supplied to the 
SLID In both ringing and standby modes and 27V supplied 
only during active or off hook periods). 

The FI (Power denial pin) could be controlled by an unused 
state of RC and B1 such as RC high and B1 indicating 27V. 
There would never be an instance when a ring is com¬ 
manded with only 27V applied to the SLIC. This could signal 
a power denial state with simple logic and shut the SLIC 
down. 

Using shortcuts like these could allow control of the SLIC 
with one digital input for switch hook detection and two out¬ 
puts for RC and FI (or RC and PS). This is only necessary if 
the number of I/O lines are limited since the most versatility 
can be obtained by having all five control lines active. 
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Introduction 

The PRISM™ chip set has 
witiliSdJtUflUl I been optimized to address high 
Wy data rate applications with up to 
4 MBPS data rates. The 
PRISM^*^ can also be utilized for low data rate applications. 
To implement low data rate applications (below 250 KBPS) 
the designer needs to address design considerations in the 
following areas: 

A. Selection of external filtering supporting the PRISM^*^ 
components. 

B. Limitations on filter cut off frequencies of the HFA3724 
internal Low Pass Filters. 

C. Selection of appropriate carrier and clock oscillators to 
achieve the desired performance, given the HSP3824 inter¬ 
nal Acquisition and Tracking loop Integration constraints. 


The system designer should also evaluate the option where 
the radio maintains its high data rate configuration but trans¬ 
mits the data using infrequent high data rate burst packets. 

Where the system requires that the radio operate at low 
rates (<250 KBPS), the designer must address the areas 
highlighted on the PRISM'^^ block diagram shown in Figure 1. 

Description 

A. External IF Filtering 

The band pass filters shown between the HFA3624 and the 
HFA3724 labeled as BPF1a and BPF1b on Figure 1 are cen¬ 
tered at IF and filter the spread wideband waveform before 
demodulation on the receive side and before the final upcon- 
version on the transmit side. 

One might think that the TX filter can be avoided but it is 
required to meet the sidelobe suppression specifications 
according to FCC requirements. 


PRISM™ PCMCIA Reference Radio Block Diagram 
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FIGURE 1. PRISM™ CHIP SET BLOCK DIAGRAM 
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For the high rate configuration of the PRiSM^^, a recom¬ 
mended impiementation is to use SAW BPFs centered at 
280MHz with a BW of about 17MHz. This is assuming an 
11 MHz chip rate (thus 22MHz spread nuil to nuii bandwidth). 
A recommended device that meets these requirements is 
the ToyoCom TQS-432. 

If a low data rate configuration is implemented then substi¬ 
tute IF filters need to be identified that will filter to the chan¬ 
nel bandwidth of the spread waveform at the lower chip rate. 
The designer can use any IF center frequency within the 
HFA3724 range. The designer must be sure, though, that the 
identified filter meets the transmission spectral mask 
requirements for FCC for the 2.4MHz ISM band. SAW filters 
for PCMCIA applications are not widely available at these 
specifications and a custom design may be required. 

B. Limitations of HFA3724 LPFs 

The HFA3724 Includes a set of baseband low pass filters as 
the final filtering stage of the complex spread waveform. 
These are placed before the in phase (i) and Quadrature (Q) 
A/D converters for baseband processing. These filters are 
shown on Figure 1, as LPFs (Rx) and LPFs(TX). There are 
four cut off frequencies that can be selected for these LPFs. 
The cut off can be selected to be 17.6MHz (for a chip rate of 
22 MCPS), 8.8MHz (for a 11 MCPS rate), 4.4MHz (for a 
5.5 MCPS rate) or 2.2MHz (for a 2.75 MCPS rate). In addi¬ 
tion these cut off frequencies are tunable through an exter¬ 
nal resistor by ±20%. The user can select one of the four 
discrete cut off frequencies. The lowest cut off Is set for a 
spread rate of 2.5MHz chip rate and any chip rates lower 
than this will require the design of external filtering between 
the HFA3724 outputs and the HSP3824 A/D inputs. The 
HFA3724 I and Q LPFs are fifth order Butterworth filters and 
equivalent external filters need to be designed at the lower 
cut off specifications. 

C. Selection of Carrier Frequency and Clock Oscillators 

The HSP3824 performs the baseband demodulation func¬ 
tion. The design Includes digital signal acquisition and track¬ 
ing loops for both the symbol timing clock and the carrier 
frequency. 

The primary concern when the radio needs to be operated 
with a low instantaneous data rate is that It requires a wide 
bandwidth to accommodate oscillator frequency tolerances. 

As an example at 2400MHz and ±25 PPM, the radio fre¬ 
quencies at each end of the link can be off by as much as 
120 kHz from each other. This offset must be well within the 
basic data bandwidth of the radio in order for It to be toler¬ 
ated without degrading the performance of the link. If it is 
not, a frequency sweep would be needed to find the signals 
and this Is not built into the radio design. Operating the radio 
with wide data bandwidth and low data rate is inefficient and 
would cause unacceptable loss In performance. 

If the PRISM^*^ is used as a spread spectrum system with 
11 chips per bit spreading ratio, this then gives it an IF band¬ 
width of nominally 22MHz null to null at 1 MBPS. We filter to 
17MHz to allow closer packing of the channels. While this 
seems wide compared to the frequency offset, remember 


that this is a direct spread system. The first stage of process¬ 
ing the signal despreads it and collapses It to the data band¬ 
width. In PRISM™ this is done in a time invariant matched 
filter correlator. This correlator has an FIR filter structure 
where the PN sequence is substituted for the tap weights. 
The filter is operated at baseband, so the I and Q quadrature 
components are separately correlated with the same 
sequence. The outputs of the I and Q correlators are the 
vector components of the correlation. These will show a dis¬ 
tinct peak in magnitude (compressed pulse) when correla¬ 
tion occurs. Correlation performance falls off when the signal 
Is not stationary (i.e. has offset). The correlator convolves a 
stationary signal, (the PN sequence) with the input signal. 
The vector correlation is being rotated throughout the corre¬ 
lation by the offset frequency. This means that the signal cor¬ 
relates at one angle at the start of a symbol and at a different 
angle at the end. If this angular difference is small, no great 
loss occurs. The net correlation goes as the vector sum of all 
the correlation angles between the start and the end of the 
symbol as shown below. Thus the magnitude fails off to zero 
if the offset causes a baseband phase rotation of one cycle 
per symbol. The magnitude is obviously maximum at no off¬ 
set and falls off about 0.22dB at 45 degrees rotation. This 
corresponds to the 120kHz offset (~1/8th of 1 MBPS). 
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FIGURE 2. PRISM™ CORRELATION PERFORMANCE vs 
FREQUENCY OFFSET 


Crystal oscillators of better than ±25 PPM accuracy can be 
purchased, but their cost goes up significantly as the toler¬ 
ances are tightened. Given this offset, we must be sure that 
the receiver can accept the offset. At a data rate of 250 KBPS, 
the same offset loss occurs with a frequency offset 1/4th as 
large. This means that to get the same performance, we need 
oscillators specified to ±6 PPM. To go lower in data rate 
means tightening up the specification even further. 

Similar consideration needs to be taken for the clocks that 
are used to run the baseband processor Itself. The symbol 
timing clock tracking algorithm operates over 128 symbol 
integration intervals. To maintain acceptable BER perfor¬ 
mance the symbol timing phase drift must be less than 1/8th 
chip over the 128 symbol integration interval. Remember 
that we are tracking the peak of the compressed pulse which 
is 2 chips wide and must keep the straddling loss low by 
sampling close to the peak. For a 0.25 MBPS data rate, the 
chip rate is 2.75 MCPS. With this rate, the integration inter¬ 
val is 512ms which translates to an oscillator within 
±89 PPM to keep the drift less than 1/8th chip (0.045ms). 
Since the spread rate to data rate ratio is not changed at 
the lower data rates, this tolerance is not effected by lower 
data rates. 
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High Rate Burst Transmissions With Low Average Rate 

Generally, the incentive to use lower data rates is to achieve 
a given range with the minimum amount of power. We can 
show that this is also achievable by using the radio in its high 
data rate design configuration. The PRISM^*^ is a packet 
radio communications device and, as such, can send the 
data in a short burst with open environment ranges up to 
5 miles. This has significant potential for power savings and 
reduction In interference. In the high data rate configuration 
the design considerations mentioned above are no longer of 
concern. 

The system approach is to accept the 1 MBPS data rate of 
the radio as long as the achievable range is acceptable, and 
use it in a short burst mode which is consistent with its’ 
packet nature. With a low power watch crystal, the controller 
can keep adequate time to operate either a polled or a time 
allocated scheme. In these modes, the radio is powered off 
most of the time and only awakens when communications is 
expected. This station would be awakened periodically to lis¬ 
ten for a beacon transmission. The beacon serves to reset 
the timing and to alert the radio to traffic. If traffic is waiting, 
the radio is instructed when to listen and for how long. In a 
polled scheme, the remote radio can respond to the poll with 
Its traffic if It has any. With these techniques, the average 
power consumption of the radio can be reduced by more 
than an order of magnitude while meeting ail data transfer 
objectives. 

Even using the 802.11 network protocols, the low data rate 
can allow low average power operation. The Media Access 
Controller (MAC) or network processor can operate the radio 
in the sleep mode except for the times it needs to receive the 
beacon signals. 


The short, fast transmission is good for several reasons. 
First, if the signal is corrupted for any reason, a retransmis¬ 
sion will occur without noticeable delay. Secondly, interfer¬ 
ence to other spectrum users is of brief duration. Third, and 
most important, the burst can be sent into small time gaps in 
the medium, which makes it more effective against certain 
type of Interference in the ISM band. For example, if an 
802.11 FH network is operating in the vicinity. It could cause 
interference with this network. The FH network has, how¬ 
ever, a brief guard time when it Is hopping and none of its 
stations are on the air. This time can be used to transmit the 
burst communications packets. Additionally, the microwave 
oven has been identified as an Interference source of con¬ 
cern within the 2.4GHz ISM band. The oven is a pulsed 
source with about a 50% duty cycle. The gaps allow mes¬ 
sages of about 1000 bytes through at the 1 MBPS rate. 

In addition, the system can be set at Its sleep mode most of 
the time to achieve low power consumption. It only needs to 
operate at full power consumption during the transmission of 
a packet or during the expected window for received packets. 

The communications range achievable depends on the 
nature of the environment. A line of sight (LOS) path allows 
the best range. With 1W and 6dB gain In the antennas, you 
can readily achieve a 5 mile LOS range. The propagation 
loss at S-band is less than 0.5dB per mile in heavy rain, so 
weather is not usually of great concern. Antennas with 6dB 
gain are for fixed installations with one on one links. Mobile 
and network installations use omnidirectional antennas with 
around OdB gain. Indoors, the range is much reduced by 
extra losses due to walls and other obstructions. The power 
is also usually reduced to lOOmW for interference and safety 
concerns. These reduce the available range, but most appli¬ 
cations will achieve sufficient range (300 ft.). 

Antenna diversity is also used in the PRISM^'^ design to 
combat multipath interference. Since the PRISM^^ wave¬ 
form is wideband by being spread at the chip rate, the 
1 MBPS data rate is not a contributor to multipath problems 
and a lower data rate is of no benefit. 

So, in general, unless it is required to use low instantaneous 
data rates to achieve some other purpose, the packet capa¬ 
bilities of PRISM’’’'^ will serve well for these applications in Its 
normal high data rate design configuration. 
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^VM Introduction 

ES^SSSBinM I \ This application note serves as 
j a firmware designers manual 
Vy for the PRISM"^ HSP3824 
baseband processor. The note 
groups the programmable registers and their bit content by 
function. This note can serve as a quick reference for code 
development and system test and modification by function. 

SW Overview 

The HSP3824 offers flexibility for various system configura¬ 
tions through its programmable features. Among other the 
user has many options to control synchronization time, link 
protocol formats, data rates, performance thresholds, and 
visibility to internal modem parameters and status. 

Preamble/Header 

These configuration registers Include preamble generation, 
transmit header modes and receive header modes. Pream¬ 
ble and header can be either generated internally from the 
HSP3824 or can be received from an external source i.e. a 
network processor. 

Modem Configuration 

These configuration registers include configuration for 
transmitter and receiver modem. The transmit and receive 
symbol rates, scrambler configuration, PN code configura¬ 
tion and antenna selection are also programmed through 
these registers. 

i/0 Configuration 

These configuration registers include configuration of active 
signal levels (polarity) of HSP3824 I/O signals and set up of 
other miscellaneous I/O signal parameters. This Is to provide 
flexibility and minimize glue logic to external circuits if there 
is a signal polarity issue. 


Test Port Configuration 

These configuration registers Include configuration for selec¬ 
tion of internal HSP3824 signals and/or data to become 
available at the Test Port pins. These signals can be useful 
during debugging, regulatory compliance testing as well as 
to design enhanced external algorithms to improve overall 
radio performance. 

Threshold Settings 

These configuration registers Include a number of 
configurable threshold settings. They cover. Received Signal 
Strength Indication and Clear Channel Assessment thresh^ 
old parameters, as well as, received signal quality thresholds 
used during acquisition and data tracking. By setting these 
acquisition and tracking thresholds, the user can define the 
desired modem performance i.e. set the probability of detec¬ 
tion vs. the probability of false alarm ratio. 

A/D Calibration 

These configuration registers include configuration data to 
activate the A/D level adjustment circuit of the HSP3824. 
This circuit is designed to maximize utilization of the A/D 
dynamic range. This programmable circuit tries to keep the 
A/Ds close to saturation. 

Modem Status 

These configuration registers include Information that 
represent both control and status registers (read-only). The 
status components indicate the real time state of the modem 
operation. 

Signal Status 

These configuration registers include Information that 
represent modem parameter (read-only) registers. These 
modem status components are updated real time. They can 
be used to design external SW or HW algorithms to improve 
overall modem performance. In addition this set of registers 
provide information on the link protocol (header) that is 
presently in use. 


PRISM™ and the PRISM™ logo are trademarks of Harris Corporation. 
Copyright © Harris Corporation 1996 
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Description of Configuration Register 
Assignments by Function. 

The following paragraphs describe the configuration register 
(CR) content of the programmable HSP3824 registers. The 
bits within the CR that define the particular function or data 
are also indicated. The CR description and references below 
are broken by the primary HSP3824 programmable func¬ 
tional groups which are: 

• Preamble/header. 

• Modem configuration 

• I/O configuration 

• Test Port configuration 

• Threshold settings 

• A/D calibration 

• Modem status 

• Signal status 

This can serve as a quick reference to program or to modify 
registers by function. Refer also to the HSP3824 data sheet 
for description of the hardware algorithms at Its appropriate 
sections. An example of a default set up is also attached to 
this note. 

Preamble/Header 

Preamble Generation CR3<2:2> 

This control bit Is used to select the origination of the 
Preambie/Header information. The preamble and header 
can be either generated internally by the HSP3824 or from 
an external source. 

Transmit Mode CR0<4:3> 

These control bits are used to select one of the four 
Preamble Header modes for transmitting data. The four 
modes contain different combinations of fields. 

CR0<4:3> Header Contents 
00 SFD, field 
01 SFD and CRC16, fields 

10 SFD, Length and CRC16, fields 

11 SFD, Signal, Length and CRC16, fields 

Receive Mode CR2<1:0> 

These control bits are used to select one of four Preamble 
Header modes for receiving data. 

CR2<1:0> Header Contents 
00 SFD 

01 SFDandCRCie 

10 SFD, Length and CRC16 

11 SFD, Signal, Length and CRC16 

Transmit Preamble Length CR56<7:0> 

This control register defines the Preamble length field value. 


Start Frame Delimiter Definition CR49<7:0> CR50<7:0> 

These control registers contain the Start Frame Delimiter 
used for both the Transmit and Receive header. This field is 
the address field for each individual receiver within the 
network. 

Start Frame Delimiter Timer Enable CR0<2:2> 

This control bit is used to enable the Start Frame Delimiter 
timer. If the timer expires before the SFD has been detected, 
the HSP3824 returns to acquisition mode. The search time 
is defined by the start frame delimiter value registers. 

Start Frame Delimiter Value CR41<7:0> 

This control register contains the number of symbol periods 
for the demodulator to search for a SFD in a receive header 
before returning to acquisition mode. 

Data Field Counter Enable CR0<1:1> 

This control bit Is used to enable/dlsable counting the num¬ 
ber of data bits in the length field embedded in the header. 
The HSP3824 returns to acquisition mode at the end of the 
count as defined by the “Length” field of the header. This can 
only be used in header modes 2 and 3. 

CRC Check Enable CR2<5:5> 

This control bit is used to enable/disabie the CRC 16 check 
on the received Header. 

Modem Configuration 

TRANSMIT CONFIGURATION 
Chips per Symbol CR3<6:5> 

These control bits are used to select the number of chips per 
symbol used in the I and Q transmit paths. 

CR3<6:5> 00 01 10 11 

Chips/Symbol 11 13 15 16 

Rate Divisor CR3<4:3> 

These control bits are used to select the divide ratio required 
to achieve the required data rate (refer to the HSP3824 data 
sheet). 

CR3<4:3> 00 01 10 11 


Antenna Select CR0<7:7> 

This control bit is used to select the transmit antenna (half¬ 
duplex mode only). 

Modulation CR3<1:1 > 

This control bit is used to select the signal modulation type 
for the transmit packet. 

Spread Sequence CR13<7:0> CR14<7:0> 

These control registers contain the spreading code for the 
i and Q transmit paths. 
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RECEIVE CONFIGURATION 
Chips per Symbol CR2<7:6> 

These control bits are used to select the number of chips per 
symbol used in the I and Q receive paths. 

CR2<7:6> 00 01 10 11 

Chips/Symbol 11 13 15 16 

Rate Divisor CR2<4:3> 

These control bits are used to select the divide ratio required 
for the desired receive data rate. 

CR2<4:3> 00 01 10 11 

Divisor 2 4 8 16 

Antenna Select CR0<6:6> 

This control bit is used to select the receive antenna (singie 
antenna mode only). 

Modulation CR3<0:0> 

This control bit is used to select the signal modulation type 
for the receive packet. 

Spread Sequence CR20<7:0> CR21 <7:0> 

These control registers contain the despreading code for the 
I and Q receive paths. 

Scrambler Taps CR16<6:0> 

This control register contains the tap configuration for the 
transmit scrambler / receive descrambler. 

Scrambler Seed CR15<6:0> 

This control register contains the seed value for the transmit 
scrambler / receive descrambler. 

Antenna Operation CR0<5:5> 

This control bit is used to select between full duplex and half 
duplex operation. 

Antenna Mode CR2<2:2> 

This control bit is used to select single or dual antenna 
mode. 

I/O Configuration 

Allow Microprocessor Rate Change CR1<7:7> 

This control bit is used to enable/disabie constant data rates 
to the external processor that receives the demodulated data 
from the HSP3824. Rate changes from DBPSK to DQPSK 
within the same packet can be programmed to be transpar¬ 
ent to the external processor. 

Invert Transmit Clock Phase CR9<0:0> 

This control bit is used to seiect the phase of the transmit 
output ciock. 

Assert TX_.RDY Clock Count CR1<6:2> 


These control bits are used to define the number of clocks 
before the first data bit that TX_RDY will be asserted. 

ACTIVE SIGNAL LEVELS 

These components allow the user to invert the sense of cer¬ 
tain signals available as pins on the HSP3824. 

MAC Data Ready (MD.RDY) CR9<6:6> 

This control bit is used to select the active level of the 
MD_RDY signal. 

Clear Channel Assessment (CCA) CR9<5:5> 

This control bit is used to seiect the active level of the CCA 
signal. 

Energy Detect (ED) CR9<4:4> 

This control bit is used to select the active level of the ED 
signal. 

Carrier Sense (CRS) CR9<3:3> 

This control bit is used to select the active level of the CRS 
signal. 

Transmit Data Ready (TX^RDY) CR9<2:2> 

This control bit is used to seiect the active level of the 
TX^RDY signal. 

Transmit Power Enable (TX_PE) CR9<1:1> 

This control bit is used to select the active level of the TX_PE 
signal. 

Test Port Configuration 

Test Mode CR4<7:0> 

The HSP3824 provides the capability to access a number of 
internal signals and/or data through the test port pins TEST 
0-7 and TEST^CLK. The TEST_CLK is selected given the 
data that is clocked out from TEST 0-7 port. TX_CLK is 
intended to be used to clock the TEST 0-7 data from the 
HSP3824. 

(0) Normal Operation Mode 

<7:7> Carrier Sense (CRS) 

<6:6> Energy Detect (ED) 

<5:3> Reserved 
<2:2> Initial Detect 
<1:0> Reserved 

TEST.CLK Internal TX Clock (TX chip rate) 

(1) Correlator Test Mode 

<7:0> Correlator Magnitude (PN correlator) 

TEST^CLK Internal TX Clock (TX chip rate) 

(2) Frequency Test Mode 

<7:0> Frequency offset Register 
TEST_CLK Subsample Clock (Rx symbol rate) 
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(3) Phase Test Mode 

<7:0> Phase (instantenous l,Q) 

TEST_CLK Subsample Clock (Rx symbol rate) 

(4) NCO Test Mode 

<7:0> Phase Accum Register (8 most significant bits) 
TEST_CLK Subsample Clock (Rx symbol rate) 

(5) SQ Test Mode 

<7:0> Signal Quality (SQ) Phase Variance 
(8 most significant bits) 

TEST_CLK Load Signal Quality Signal 

(6) Bit Sync Test Mode 1 

<7:0> Bit Sync Accum 
TEST_CLK Internal RX Clock 

(7) Bit Sync Test Mode 2 

<7:0> SQ Bit Sync Reference Data (8 most significant bits) 
TEST.CLK Load SQ Signal 

(8) A/D Cai Test Mode 

<7:7> Carrier Sense (CRS) 

<6:6> Energy Detect (ED) 

<5;5> Reserved 
<4:0> A/D Calibrate 
TEST_CLK (Internal RX Clock) 

Threshold Settings 

Received Signai Strength indication (RSSi) CR19<5:0> 

These control bits are used to specify the RSSI threshold for 
measuring and generating the energy detect (ED) signai. 
When RSSI exceeds this threshold, ED is declared. 

Ciear Channei Assessment Timer CR17<7:0> 

This control register is used to configure the period of the 
time-out threshold of the CCA watchdog timer. 

Ciear Channei Assessment Cycie CR18<7:0> 

This control register Is used to configure how many times the 
CCA timer is allowed to reach its maximum count before it 
declares that the channel is clear (independent of the actual 
energy measured in the channel). 

Enabie 1/4 Chip Adjust During Acquisition/Data 
CR5<6:6> 

This control bit Is used to enable/disable 1/4 chip timing 
adjustments during acquisition or data. The default is 1/2 
chip adjustments. 


Receive Bit Synch 
CR22<7:0> CR23<7:0> 


Ampiitude (Acquisition/Data) 


These control registers are used to specify the bit synch 
ampiitude quality threshold used for acquisition and for data. 
See typical values in the HSP3824 data sheet.The received 


signal must be above this programmable value to be 
declared valid. 

Receive Phase Variance (Acquisition/Data) CR30<7:0> 
CR31<7:0> 

These control registers are used to specify the phase 
variance quality threshold used for acquisition and for data. 
See typical values in the HSP3824 data sheet. The received 
signals phase variance has to be less than this programma¬ 
ble value to be declared as valid signal. 

A/D Calibration 

Reference Vaiue CR1<1:1> 

This control bit is used to select whether internal A/D calibra¬ 
tion circuit is active or not and if not, sets the reference to 
mid-scale. 

Last Value CR1<0:0> 

This control bit is used to select whether internal A/D calibra¬ 
tion circuit is held at its most recent vaiue. 

Positive Increment Adjust CR11<7:0> 

This control register contains the value used for positive 
increments of the level adjusting circuit of the A/D reference. 
These positive increment steps define how fast the A/D will 
be driven to saturation. 

Negative Increment Adjust CR12<7:0> 

This control register contains the value used for negative 
increments of the level-adjusting circuit of the A/D reference. 
These negative Increments define the back off step size from 
when the A/D reaches saturation. 

Modem Status 

Transmit Ready (TX.RDY) CR7<7:7> 

This status bit indicates the status of the TX_RDY output pin. 
It is only used when the Preamble/Header is generated inter¬ 
nally within the HSP3824. 

Antenna CR7<6:6> 

This status bit indicates the antenna selected by the device 
(status of the ANTSEL pin) during antenna diversity. 

Clear Channei Assessment (CCA) CR7<5:5> 

This status bit Indicates the status of the Clear Channei 
Assessment output pin. 

Carrier Sense (CRS) CR7<4:4> 

This status bit indicates the status of Carrier Sense (or PN 
lock). 

RSSI vs. Threshold CR7<3:3> 

This status bit indicates whether the RSSI signal is above or 
below threshold (or energy detect (ED)). 
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MAC Data Ready (MD.RDY) CR7<2;2> 

This status bit indicates the status of the MD_RDY output 
pin. it signais that a vaiid Preambie/Header has been 
received and that the next avaiiabie bit on the RXD bus wiii 
be the first data packet bit. 

Transmit Power Enable (TX_PE) CR7<1:1> 

This status bit indicates whether the external device has 
acknowledged that the channel is clear for transmission (or 
status of the TX_PE pin). 

Valid CRC16 CR7<0:0> 

This status bit indicates whether a valid CRC16 has been 
calculated for the Header information. The CRC16 does not 
cover the preamble bits or the data packet. 

Packet Status CR8<7:7> 

This status bit indicates whether a valid packet has been 
received. This is meaningful only when the device operates 
under the full protocol (mode 3). 

Start Frame Delimiter Search Timer CR8<6:6> 

This status bit indicates the status of the SFD search timer. 

Modulation Type CR8<5:5> 

This status bit indicates the modulation type for the data 
packet. Preamble and Header data are always at 1MBPS. 

Signal Status 

TRANSMIT PREAMBLE INFORMATION 
Service Fieid CR51<7:0> 

This control register contains the value of the service field to 
be transmitted In a Header. 

Length Field CR52<7:0> CR53<7:0> 

These control registers contain the value of the length field 
to be transmitted. It indicates the number of bits transmitted 
in the data packet. 

CRC16 Field CR54<7:0> CR55<7;0> 

These status registers indicate the calculated CRC16 for the 
transmitted header. 

RECEIVE PREAMBLE INFORMATION 
Service Field CR44<7:0> 

This status register contains the value of the service field 
received in a Header. 

Length Field CR45<7:0> CR46<7:0> 

These status registers contain the value of the length field of 
the received packet, it indicates the number of bits transmit¬ 
ted in the data packet. 


CRC16 Field CR47<7:0> CR48<7:0> 

These status registers Indicate the received CRC16 for the 
received header. 

SIGNAL FIELD 
BPSK CR42<7:0> 

This control register contains the 8-blt value indicating that 
the data packet modulation is DBPSK. 

QPSK CR43<7:0> 

This control register contains the 8-blt value indicating that 
the data packet modulation Is DQPSK. 

RECEIVE SIGNAL QUALITY INDICATORS 

Bit Synch Ampiitude Acquisition CR24<6:0> CR25<7:0> 

These status registers contain the measured bit synch 
ampiitude signal quality during acquisition. 

Bit Synch Amplitude Data CR28<6:0> CR29<7:0> 

These status registers contain the measured bit synch 
amplitude signal quality during data tracking. 

Phase Variance Acquisition CR32<7:0> CR33<7:0> 

These status registers contain the measured phase variance 
signal quality during acquisition. 

Phase Variance Data CR36<7:0> CR37<7:0> 

These status registers contain the measured phase variance 
signal quality during data tracking. 

RSSi Value CR10<5:0> 

These status bits contain the value of the RSSI analog input 
signal from the on-chip ADC. This register is updated at the 
chip rate divided by 11. 

Receive Signal Quality for Best Antenna Dwell 
CR38<7:0> 

This status register contains the bit synch amplitude signal 
quality measurement derived from the Bit Synch signal qual¬ 
ity stored in the CR28-29 registers of the HSP3824. This 
value is the result of the signal quality measurement for the 
best antenna dwell In the antenna diversity mode. 

DEFAULT CONFIGURATION 

Table 1 contains a set of default configuration values that 
can be used for QPSK and BPJK modulation. These values 
can be initially used for systems test and then modified as 
appropriate, per each application. The default configuration 
table is followed by the detail description of all the available 
registers of the HSP3824. 
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TABLE 1. CONTROL REGISTER VALUES FOR SINGLE ANTENNA ACQUISITION 


REGISTER 

NAME 

TYPE 

REG ADDR 

IN HEX 

CRO 

MODEM CONFIG. REG A 

R/W 

00 

CR1 

MODEM CONFIG. REG B 

RAA/ 

04 

CR2 

MODEM CONFIG. REG C 

R/W 

OB 

CR3 

MODEM CONFIG. REG D 

R/W 

OC 

CR4 

INTERNAL TEST REGISTER A 

R/W 

10 

CR5 

INTERNAL TEST REGISTER B 

R/W 

14 

CR6 

INTERNAL TEST REGISTER C 

R 

IB 

CR7 

MODEM STATUS REGISTER A 

R 

1C 

CRB 

MODEM STATUS REGISTER B 

R 

20 

CR9 

I/O DEFINITION REGISTER 

R/W 

24 

CR10 

RSSI VALUESTATUS REGISTER 

R 

2B 

CR11 

ADC_CAL_POS REGISTER 

RA/V 

2C 

CR12 

ADC_CAL_NEG REGISTER 

R/W 

30 

CR13 

TX_SPREAD SEQUENCE(HIGH) 

R/W 

34 

CR14 

TX_SPREAD SEQUENCE (LOW) 

R/W 

3B 

CR16 

SCRAMBLE_SEED 

Rm 

3C 

CR16 

SCRAMBLE.TAP (RX AND TX) 

R/W 

40 

CR17 

CCA_TIMER_TH 

R/W 

44 

CRIB 

CCA_CYCLE_TH 

R/W 

4B 

CR19 

RSSLTH 

R/W 

4C 

CR20 

RX_SPREAD SEQUENCE (HIGH) 

R/W 

50 

CR21 

RX_SREAD SEQUENCE (LOW) 

R/W 

54 

CR22 

RX_SQ1_ IN_ACQ (HIGH) THRESHOLD 

R/W 

5B 

CR23 

RX-SQ1_ IN_ACQ (LOW) THRESHOLD 

R/W 

5C 

CR24 

RX-SQ1_OUT_ACQ (HIGH) READ 

R 

60 

CR25 

RX-SQ1_ OUT_ACQ (LOW) READ 

R 

64 

CR26 

RX-SQ1_ IN_DATA (HIGH) THRESHOLD 

R/W 

66 

CR27 

RX-SQ1-SQ1_ IN_DATA (LOW) THRESHOLD 

R/W 

6C 

CR2B 

RX-SQ1_ OUT_DATA (HIGH)READ 

R 

70 

CR29 

RX-SQ1_ OUT_DATA (LOW) READ 

R 

74 

CR30 

RX-SQ2_ IN.ACQ (HIGH) THRESHOLD 

R/W 

78 
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REGISTER 

CR31 

CR32 

CR33 

CR34 

CR35 

CR36 

CR37 

CR38 

CR39 

CR40 

CR41 

CR42 

CR43 

CR44 

CR45 

CR46 

CR47 

CR48 

CR49 

CR50 

CR51 

CR52 

CR53 

CR54 

CR55 

CR56 


TABLE 1. CONTROL REGISTER VALUES FOR SINGLE ANTENNA ACQUISITION (Continued) 




REG ADDR 


NAME 

TYPE 

IN HEX 

QPSK 

RX-SQ2-IN-ACQ (LOW) THRESHOLD 

R/W 

7C 

CA 

RX-SQ2_ OUT_ACQ (HIGH) READ 

R 

80 

X 

RX-SQ2_ OUT_ACQ (LOW) READ 

R 

84 

X 

RX-SQ2_IN_DATA (HIGH)THRESHOLD 

R/W 

88 

09 

RX-SQ2_ IN_DATA (LOW) THRESHOLD 

R/W 

8C 

80 

RX-SQ2_ OUT_DATA (HIGH) READ 

R 

90 

X 

RX-SQ2_ OUT_DATA (LOW) READ 

R 

94 

X 

RX_SQ_READ; FULL PROTOCOL 

R 

98 

X 

RESERVED 

W 

9C 

00 

RESERVED 

W 

AO 

00 

UW_Tlme Out_LENGTH 

RAY 

A4 

90 

SIG_DBPSK Field 

R/W 

A8 

OA 

SIG.DQPSK Field 

R/W 

AC 

14 

RX_SER_Fleld 

R 

BO 

X 

RX_LEN Field (HIGH) 

R 

B4 

X 

RX_LEN Field (LOW) 

R 

B8 

X 

RX_CRC16 (HIGH) 

R 

BC 

X 

RX_CRC16 (LOW) 

R 

CO 

X 

UW -(HIGH) 

R/W 

C4 

F3 

UW_(LOW) 

R/W 

C8 

AO 

TX_SER_F 

R/W 

CC 

00 

TX.LEN (HIGH) 

I 

R/W 

DO 1 

FF 

TX_LEN(LOW) 

R/W 

D4 

FF 

TX_CRC16(HIGH) ’ 

R 

D8 

X 

TX_CRC16 (LOW) 

R 

DC 

X 

TX_PREM_LEN 

R/W 

EO 

80 
















































































































































Application Note 9616 



Control Registers, Address and Bit Location Specification 

The following tables describe the function of each control register along with the associated bits in each control register. 
CONFIGURATION REGISTER 0 ADDRESS (Oh) MODEM CONFIGURATION REGISTER A 


This bit selects the transmit antenna, controlling the output ANT_SEL pin. It is only used in half duplex mode. (Bit 5 = 0) 
Logic 1 = Antenna A. 

Logic 0 = Antenna B. 


In single antenna operation this bit is used as the output of the ANT.SEL pin. In dual antenna mode this bit is ignored. 
Logic 1 = Antenna A. 

Logic 0 = Antenna B. 


This control bit is used to select between full duplex and half duplex operation. If set for full duplex operation, the 
ANT_SEL pin reflects the setting of CRO bit 7 when TX_PE is active and reflects the receiver’s choice when TX_PE is 
inactive. In full duplex operation, the ANT_SEL pin always reflects the receiver’s choice antenna. 

Logic 1 = full duplex. 

Logic 0 = half duplex. 


These control bits are used to select one of the four Input Preamble Header modes for transmitting data. The preamble 
and header are DBPSK for all modes of operation. Mode 0 is followed by DBPSK data. For modes 1<3, the data can 
be configured as either DBPSK or DQPSK. This is a “don’t care” if the header is generated externally. 





Bite, 5,4, 3,2 


MODE 

BIT 4 

BIT 3 

MODE DESCRIPTION 

0 

0 

0 

Preamble with SFD Field. 

1 

0 

1 

Preamble with SFD, and CRC16. 

2 

1 

0 

Preamble with SFD, Length, and CRC16. 







Full preamble and header. 


This control bit Is used to enable the SFD (Start Frame Delimiter) timer. If the time is set and expires before the SFD 
has been detected, the HSP3824 will return to Its acquisition mode. 

Logic 1; Enables the SFD timer to start counting once the PN acquisition has been achieved. 

Logic 0: Disables the SFD Timer. 


This control bit enables counting the number of data bits per the length field embedded in the header. Only used in 
header modes 2 and 3. Then according to the count it returns the processor into its acquisition mode at the end of the 
count. If length field is OOOOh, modem will reset at end of SFD regardless of this bit setting. 

Logic 1 = Enable Length Time Out. 

Logic 0 = Disabled. 


Unused don’t care. 


CONFIGURATION REGISTER 1 ADDRESS (04h) MODEM CONFIGURATION REGISTER B 


When active this bit maintains the RXCLK and TXLK rates constant for preamble and data transfers even if the data 
is modulated in DQPSK. This bit is used if the external processor can not accommodate rate changes. This is an active 
high signal. The rate used is the QPSK rate and the BPSK header bits are double clocked. 


These control bits are used to define a binary count (N) from 0 - 31. This count is used to assert TX_RDY N - clocks 
(TXCLK) before the beginning of the first data bit. If this is set to zero, then the TX_RDY will be asserted immediately 
after the last bit of the Preamble Header. 


When active the internal A/D calibration circuit sets the reference to mid-scale. When inactive then the calibration 
circuit adjusts the reference voltage in real time to optimize I, Q levels. 

Logic 1 = Reference set at mid-scale (fixed). 

Logic 0 = Real time reference adjustment. 


When active the A/D calibration circuit is held at its last value. 
Logic 1 = Reference held at the most recent value. 

Logic 0 = Real time reference level adjustment. 
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CONFIGURATION REGISTER 2 ADDRESS (OSh) MODEM CONFIGURATION REGISTER C 


These control bits are used to select the number of chips per symbol used in the I and Q paths of the receiver matched 
filter correlators (see table below). 




This control bit is used to disable the CRC16 check. When this bit is set, the processor will accept the received packet 
and any packet error checks have to be detected externally. The HSP3824 will remain in the receive mode until either 
the carrier is lost or the network processor resets the device to the acquisition mode, or if, in modes 2 or 3, the length 
times out. 

Logic 1 = Disable receiver error checks. 

Logic 0 = Enable receiver checks. 






This control bit sets the receiver into single or dual antenna mode. The Preamble acquisition processing length and 
whether the modem scans antennas is controlled by this bit. if in single antenna mode, the ANT_SEL pin reflects CRO 
bit 6 otherwise it reflects the receiver’s choice of antenna. 

Logic 0 = Acquisition processing is for dual antenna acquisition. 

Logic 1 = Acquisition processing is for single antenna acquisition. 


These control bits are used to indicate one of the four Preamble Header modes for receiving data. Each of the modes 
includes different combinations of Header fields. Users can choose the mode with the fields that are more appropriate 
for their networking requirements. The Header fields that are combined to form the various modes are: 

• SFD field 

• CRC16fleld 

• Data length field (indicates the number of data bits that follow the Header Information) 

• Full protocol Header 
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CONFIGURATION REGISTER 3 ADDRESS (OCh) MODEM CONFIGURATION REGISTER D 


Reserved (must set to “0”). 


These control bits combined are used to select the number of chips per symbol used in the I and Q transmit paths (see 
tabie beiow). 




These control bits are used to seiect the divide ratio for the transmit chip clock timing. 

NOTE: The value of N is determined by the following equation: Symbol Rate = MCLK/(N x Chips per symbol) 









This control bit is used to seiect the origination of Preamble/Header information. 

Logic 1: The HSP3824 generates the Preamble and Header internally by formatting the programmed header 
information and generating a TX_RDY to indicate the beginning of the data packet. 

Logic 0: Accepts the Preamble/Header information from an externally generated source. 


This control bit is used to indicate the signal modulation type for the transmitted data packet. When configured for mode 
0 header, or mode 3 and external header, this bit is ignored. See Register 0 bits 4 and 3. 

Logic 1 = DBPSK modulation for data packet. 

Logic 0 = DQPSK modulation for data packet. 


This control bit is used to indicate the signal modulation type for the received data packet Used only with header modes 
1 and 2. See register 2-bits 1 and 0. 

Logic 1 = DBPSK. 

Logic 0 = DQPSK. 


CONFIGURATION REGISTER 4 ADDRESS (lOh) INTERNAL TEST REGISTER A 


These control bits are used to direct various internal signals to test port output pins. These internal signals are moni¬ 
tored to fault isolate the device at manufacturing testing. During normal operation, the value Oh is recommended. This 
will result to the following signals becoming available at the output test pins of the device: 

Pin 46 (TEST?): Carrier Sense (CRS), a Logic 1 Indicates PN lock. 

Pin 45 (TEST6): Energy Detect (ED), a Logic 1 indicates that there is energy detected in the channel. The ED goes 
active when the RSSI exceeds the threshold level programmed by the user. 

Pin 1 (TEST_CK): PN clock. 


CONFIGURATION REGISTER 5 ADDRESS (14h,18h) INTERNAL TEST REGISTER B 


These bits need to be programmed to Oh. They are used for manufacturing test only. 


CONFIGURATION REGISTER 7 ADDRESS (ICh) MODEM STATUS REGISTER A 


This bit indicates the status of the TX_RDY output pin. TX_RDY is used only when the HSP3824 generates the Pre¬ 
amble/Header data internally. 

Logic 1: Indicates that the HSP3824 has completed transmitting Preamble header information and is ready to accept 
data from the external source (i.e. MAC) to transmit. 

Logic 0: Indicates that the HSP3824 is in the process of transmitting Preamble Header information. 


This status bit indicates the antenna selected by the device. 
Logic 0: Antenna A is selected. 

Logic 1: Antenna B is selected. 
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CONFIGURATION REGISTER 7 ADDRESS (ICh) MODEM STATUS REGISTER A (Continued) 


Bits 

This status bit indicates the present state of clear channel assessment (CCA) which is output pin 32. The CCA is being 
asserted as a result of a channel energy monitoring algorithm that is a function of RSSI, carrier sense, and time out 
counters that monitor the channel activity. 

Bit 4 

This status bit, when active indicates Carrier Sense, or PN lock. 

Logic 1: Carrier present. 

Logic 0: No Carrier Sense. 

Bits 

This status bit indicates whether the RSSI signal is above or below the programmed RSSI 6-bit threshold setting. This 
signal is referred as Energy Detect (ED). 

Logic 1: RSSI is above the programmed threshold setting. 

Logic 0: RSSI is below the programmed threshold setting. 

Bit 2 

This bit indicates the status of the output control pin MD_RDY (pin 34). It signals that a valid Preamble/Header has 
been received and that the next available bit on the TXD bus will be the first data packet bit. 

Logic 1: Envelopes the data packet as It becomes available on pin 3 (TXD). 

Logic 0: No data packet on TXD serial bus. 

Bit1 

This status bit indicates whether the external device has acknowledged that the channel is clear for transmission. This 
is the same as the Input signal TX_PE on pin 2. 

Logic 1 = Acknowledgment that channel is clear to transmit. 

Logic 0 = Channel is NOT clear to transmit. 

BitO 

This status bit indicates that a valid CRC16 has been calculated. The CRC16 is calculated on the Header information. 
The CRC16 does not cover the preamble bits. 

Logic 1 = Valid CRC16 check. 

Logic 0 = Invalid CRC16 check. 


CONFIGURATION REGISTER 8 ADDRESS (20h) MODEM STATUS REGISTER B 


Bit? 

This status bit is meaningful only when the device operates under the full protocol mode. Errors imply CRC errors of 
the header fields. 

Logic 0 = Valid packet received. 

Logic 1 = Errors in received packet. 

Bite 

This bit is used to indicate the status of the SFD search timer. The device monitors the incoming Header for the SFD. 

If the timer, times out the HSP3824 returns to its signal acquisition mode looking to detect the next Preamble and 
Header. 

Logic 1 = SFD not found, return to signal acquisition mode. 

Logic 0 = No time out during SFD search. 

Bits 

This status bit is used to indicate the modulation type for the data packet. This signal is generated by the header de¬ 
tection circuitry in the receive interface. 

Logic 0 = DBPSK. 

Logic 1 = DQPSK. 

Bit 4 

Unused, don’t care. 

Bit 3 

Unused, don’t care. 

Bit 2 

Unused, don’t care. 

Biti 

Unused, don’t care. 

BitO 

Unused, don’t care. 

CONFIGURATION REGISTER 9 ADDRESS (24h) I/O DEFINITION REGISTER 


This register is used to define the phase of clocks and other interface signals. 

Bit? 

This bit needs to always be set to logic 0. 

Bite 

This control bit selects the active level of the MD_RDY output pin 34. 

Logic 1 = MD_RDY is active 0. 

Logic 0 = MD_RDY is active 1. 
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_ CONFIGURATION REGISTER 9 ADDRESS (24h) I/O DEFINITION REGISTER _ 

Bit 5 This control bit selects the active level of the Clear Channel Assessment (CCA) output pin 32. 

Logic 1 = CCA active 1. 

Logic 0 = CCA active 0. 

Bit 4 This control bit selects the active level of the Energy Detect (ED) output which is an output pin at the test port, pin 45. 

Logic 1 = ED active 0. 

Logic 0 = ED active 1. 

Bit 3 This control bit selects the active level of the Carrier Sense (CRS) output pin which is an output pin at the test port, pin 46. 

Logic 1 = CRS active 0. 

Logic 0 = CRS active 1. 

Bit 2 This control bit selects the active level of the transmit ready (TX_RDY) output pin 5. 

Logic 1 = TX_RDY active 0. 

Logic 0 = TX_RDY active 1. 

Bit 1 This control bit selects the active level of the transmit enable (TX_PE) input pin 2. 

Logic 1 = TX_PE active 0. 

Logic 0 = TX_PE active 1. 

Bit 0 This control bit selects the phase of the transmit output clock (TXCLK) pin 4. 

Logic 1 = Inverted TXCLK. 

Logic 0 = NON-Inverted TXCLK 

_ CONFIGURATION REGISTER 10 ADDRESS (28h) RSSI VALUE REGISTER _ 

Bits 0 - 7 This is a read only register reporting the value of the RSSI analog input signal from the on chip 6-bit ADC. This register 

is updated at (chip rate/11). Bits 7 and 6 are not used and set to Logic 0. 

Example; 



BITS (0:7) 

RANGE 

RSSLSTAT 

765432 1 0 



00000000 

OOh (Min) 


00111111 

3Fh (Max) 


_ CONFIGURATION REGISTER 11 ADDRESS (2ch) MD CAL POS REGISTER _ 

Bits 0 - 7 This 8-bit control register contains a binary value used for positive increment for the level adjusting circuit of the A/D 

reference. The larger the step the faster the level reaches saturation. 

CONFIGURATION REGISTER 12 ADDRESS (30h) A/D CAL NEG REGISTER 

Bits 0 - 7 This 8-bit control register contains a binary value used for the negative increment for the level adjusting reference of 

the A/D. The number is programmed as 256 - the value wanted since it is a negative number. 

CONFIGURATION REGISTER 13 ADDRESS (34h) TX SPREAD SEQUENCE (HIGH) 

Bits 0 - 7 This 8-bit register is programmed with the upper byte of the transmit spreading code. This code is used for both the I 

and Q signalling paths of the transmitter. This register combined with the lower byte TX_SPREAD(LOW) generates a 
transmit spreading code programmable up to 16-bits. Code lengths permitted are 11,13,15, and 16. Right justified 
MSB first. 


7-77 


APPLICATION 

NOTES 





























Application Note 9616 



CONFIGURATION REGISTER 14 ADDRESS (38h) TX SPREAD SEQUENCE (LOW) 


This 8-bit register is programmed with the iower byte of the transmit spreading code. This code is used for the i and Q 
signalling paths of the transmitter. This register combined with the higher byte TX_SPREAD(HIGH) generates the 
transmit spreading code programmable up to 16-bits. 

The example below illustrates the bit positioning for one of the 11-bit Barker PN codes. 

Example: 

I ransmii bpreaoing uoae n-bit barxer vvoro Hignt jusimea Mbb hirst. 


TX_SPREAD(HIGH) 
TX_SPREAD(LOW) 
11-bit Barker code 


15 14 13 12 11 10 9 8 


7 6 5 4 3 2 1 0 
XXXXX101 10111000 




CONFIGURATION REGISTER 15 ADDRESS (3Ch) SCRAMBLER SEED 


This register contains the 7-bit (seed) value for the transmit scrambler which is used to preset the transmit scrambler 
to a known starting state. The MSB bit position (7) Is unused and must be programmed to a Logic 0. The example 
below illustrates the bit positioning of seed. 


CONFIGURATION REGISTER 16 ADDRESS (40h) SCRAMBLER TAP 


This register is used to configure the transmit scrambler with a 7-bit polynomial tap configuration. The transmit scram¬ 
bler Is a 7-bit shift register, with 7 configurable taps. A logic 1 is the respective bit position enables that particular tap. 
The MSB bit 7 is not used and it is set to a Logic 0. The example below illustrates the register configuration for the 
polynomial F(x) * 1 + X'^+X*^. Each clock is a shift left 






CONFIGURATION REGISTER 17 ADDRESS (44h)CCA TIMER THRESHOLD 


This 8-bit register is used to configure the period of the time-out threshold of the CCA watchdog timer. If the channel 
is busy the timer counts until it reaches the programmed value and at that point it declares that the channel is clear 
independent of the actual energy measured within the channel. This register is programmable up to 8-bits. 

Time (ms) = 1000 • where N is the programmable value of CR17. 

For example, for a chip rate of 11 MCPS and a desired timeout of ~11 ms, N = 2ch. 




CONFIGURATION REGISTER 18 ADDRESS (48h) CCA CYCLE THRESHOLD 


This 8-bit register is used to configure how many times the CCA timer is allowed to reach Its maximum count before 
the channel is declared clear for transmission independent of the actual energy in the channel. This is an outer counter 
loop of the CCA timer. Each increment represents a time out of the CCA timer. Use a value of 03h for a time out of 2 
CCA timer counts. 


Bits (0:7) 


CCA_TIMER_TH 


76543210 
00000010 


11111111 


2h; 1 CCA timer (Min) 

FFh; 256 CCA timer (Max) 
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_ CONFIGURATION REGISTER 19 ADDRESS (4Ch) RSSI THRESHOLD, ENERGY DETECT _ 

Bits 0 - 7 This register contains the value for the RSSI threshold for measuring and generating energy detect (ED). When the 

RSSI exceeds the threshold ED is declared. ED indicates the presence of energy in the channel. The threshold that 
activates ED is programmable. Bits 7 an 6 of this register are not used and set to Logic 0. 



_ CONFIGURATION REGISTER 20 ADDRESS (50h) RX SPREAD SEQUENCE (HIGH) _ 

Bits 0 - 7 This 8-bit register is programmed with the upper byte of the receive despreading code. This code is used for both the 

I and Q signalling paths of the receiver. This register combined with the lower byte RX_SPRED(LOW) generates a 
receive despreading code programmable up to 16-blts. Right justified MSB first. See address 13 and 14 for example. 

_ CONFIGURATION REGISTER 21 ADDRESS (54h) RX SPREAD SEQUENCE (LOW) _ 

Bits 0 - 7 This 8-bit register is programmed with the lower byte of the receiver despreading code. This code is used for both the 

I and Q signalling paths of the receiver. This register combined with the upper byte RX_SPRED(HIGH) generates a 
receive despreading code programmable up to 16-bits. 

CONFIGURATION REGISTER 22 ADDRESS (58h) RX SIGNAL QUALITY 1 ACQ (HIGH) THRESHOLD 

Bits 0 - 7 This control register contains the upper byte bits (8-14) of the bit sync amplitude signal quality threshold used for 

acquisition. This register combined with the lower byte represents a 15-blt threshold value for the bit sync amplitude 
signal quality measurements made during acquisition at each antenna dwell. This threshold comparison is added with 
the SQ2 threshold in registers 30 and 31 for acquisition. A lower value on this threshold will increase the probability of 
detection and the probability of false alarm. Set the threshold according to instructions in the text. 

_ CONFIGURATION REGISTER 23 ADDRESS (5Ch) RX SIGNAL QUALITY 1 ACQ THRESHOLD (LOW) _ 

Bits 0 - 7 This control register contains the lower byte bits (0 - 7) of the bit sync amplitude signal quality threshold used for 

acquisition. This register combined with the upper byte represents a 15-bit threshold value for the bit sync amplitude 
signal quality measurement made during acquisition at each antenna dwell. 

_ CONFIGURATION REGISTER 24 ADDRESS (60h) RX SIGNAL QUALITY 1 ACQ READ (HIGH) _ 

Bits 0 - 7 This status register contains the upper byte bits (8-14) of the measured signal quality threshold for the bit sync 

amplitude used for acquisition. This register combined with the lower byte represents a 15-bit value, representing the 
measured bit sync amplitude. This measurement is made at each antenna dwell and is the result of the best antenna. 

CONFIGURATION REGISTER 25 ADDRESS (64h) RX SIGNAL QUALITY 1 ACQ READ (LOW) 

Bits 0 - 7 This register contains the lower byte bits (0 - 7) of the measured signal quality threshold for the bit sync amplitude used 

for acquisition. This register combined with the higher byte represents a 15-bit value, of the measured bit sync 
amplitude. This measurement is made at each antenna dwell and Is the result of the best antenna. 

_ CONFIGURATION REGISTER 26 ADDRESS (68h) RX SIGNAL QUALITY 1 DATA THRESHOLD (HIGH) _ 

Bits 0 - 7 This control register contains the upper byte bits (8-14) of the bit sync amplitude signal quality threshold used for drop 

lock decisions. This register combined with the lower byte represents a 15-bit threshold value for the bit sync amplitude 
signal quality measurements, made every 128 symbols. These thresholds set the drop lock probability. A higher value 
will increase the probability of dropping lock. 

_ CONFIGURATION REGISTER ADDRESS 27 (6Ch) RX SIGNAL QUALITY 1 DATA THRESHOLD (LOW) _ 

Bits 0 - 7 This control register contains the lower byte bits (0 - 7) of the bit sync amplitude signal quality threshold used for drop 

lock decisions. This register combined with the upper byte represents a 15-bit threshold value for the bit sync amplitude 
signal quality measurements, made every 128 symbols. 
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CONFIGURATION REGISTER 28 ADDRESS (70h) RX SIGNAL QUALITY 1 DATA (high) THRESHOLD READ (HIGH) 

Bits 0 - 7 This status register contains the upper byte bits (8-14) of the measured signal quality of bit sync amplitude used for 

drop lock decisions. This register combined with the lower byte represents a 15-bit value, representing the measured 
signal quality for the bit sync amplitude. This measurement is made every 128 symbols. 

_ CONFIGURATION REGISTER 29 ADDRESS (74h) RX SIGNAL QUALITY 1 DATA THRESHOLD READ (LOW) _ 

Bits 0 - 7 This register contains the lower byte bits (0-7) of the measured signal quality of bit sync amplitude used for drop lock 

decisions. This register combined with the lower byte represents a 16-bit value, representing the measured signal qual¬ 
ity for the bit sync amplitude. This measurement is made every 128 symbols. 

_ CONFIGURATION REGISTER 30 ADDRESS (78h) RX SIGNAL QUALITY 2 ACQ THRESHOLD (HIGH) _ 

Bits 0 - 7 This control register contains the upper byte bits (8-15) of the carrier phase variance threshold used for acquisition. 

This register combined with the lower byte represents a 16-bit threshold value for carrier phase variance measurement 
made during acquisition at each antenna dwell and is based on the choice of the best antenna. This threshold is used 
with the bit sync threshold in registers 22 and 23 to declare acquisition. A higher value in this threshold will increase 
the probability of acquisition and false alarm. 

_ CONFIGURATION REGISTER 31 ADDRESS (7Ch) RX SIGNAL QUALITY 2 ACQ THRESHOLD (LOW) _ 

Bits 0 - 7 This control register contains the lower byte bits (0-7) of the carrier phase variance threshold used for acquisition. 

__ CONFIGURATION REGISTER 33 ADDRESS (84h) RX SIGNAL QUALITY 2 ACQ READ (LOW) __ 

Bits 0 - 7 This status register contains the lower byte bits (0-7) of the measured signal quality of the carrier phase variance used 

for acquisition. This register combined with the lower byte generates a 16-bit value, representing the measured signal 
quality of the carrier phase variance. This measurement is made during acquisition at each antenna dwell and is based 
on the selected best antenna 

_ CONFIGURATION REGISTER 34 ADDRESS (88h) RX SIGNAL QUALITY 2 DATA THRESHOLD (HIGH) _ 

Bits 0-7 This control register contains the upper byte bits (8-15) of the carrier phase variance threshold. This register combined 

with the lower byte represents a 16-bit threshold value for the carrier phase variance signal quality measurements 
made every 128 symbols. 

_ CONFIGURATION REGISTER 35 ADDRESS (8Ch) RX SIGNAL QUALITY 2 DATA THRESHOLD (LOW) _ 

Bits 0-7 This control register contains the lower byte bits (0-7) of the carrier phase variance threshold. This register combined 

with the upper byte) represents a 16-bit threshold value for the carrier phase variance signal quality measurements 
made every 128 symbols. 

_ CONFIGURATION REGISTER 36 ADDRESS (90h) RX SIGNAL QUALITY 2 DATA READ (HIGH) _ 

Bits 0-7 This status register contains the upper byte bits (8-15) of the measured signal quality of the carrier phase variance. 

This register combined with the lower byte represents a 16-bit value, of the measured carrier phase variance. This 
measurement is made every 128 symbols. 

_ CONFIGURATION REGISTER 37 ADDRESS (94h) RX SIGNAL QUALITY 2 DATA READ (LOW) _ 

Bits 0-7 This register contains the lower byte bits (0-7) of the measured signal quality of the carrier phase variance. This register 

combined with the represents a 16-bit value, of the measured carrier phase variance. This measurement is made every 
128 symbols. 

_ CONFIGURATION REGISTER ADDRESS 38 (98h) RX SIGNAL QUALITY 8-BIT READ _ 

Bits 0-7 This 8-bit register contains the bit sync amplitude signal quality measurement derived from the 16-bit Bit Sync signal 

quality value stored in the CR28-29 registers. This value is the result of the signal quality measurement for the best 
antenna dwell. The signal quality measurement provides 256 levels of signal to noise measurement. 

_ CONFIGURATION REGISTER 39 ADDRESS RESERVED _ 

Reserved 

CONFIGURATION REGISTER 40 ADDRESS RESERVED 


Reserved 
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CONFIGURATION REGISTER 41 ADDRESS (A4h) SFD SEARCH TIME 


This register is programmed with an 8-bit value which represents the length of time for the demodulator to search for 
a SFD in a receive Header. Each bit increment represents 1 symbol period. 


CONFIGURATION REGISTER 42 ADDRESS (A8h) DSBPSK SIGNAL 


This register contains an 8-bit value indicating the data packet modulation is DBPSK. This value will be a OAH for full 
protocol operation at a data rate of 1 MBPS, and is used in the transmitted Signalling Field of the header. This value 
will also be used for detecting the modulation type on the received Header. 


CONFIGURATION REGISTER 43 ADDRESS (ACh) DQPSK SIGNAL 


This register contains the 8-bit value indicating the data packet modulation is DQPSK. This value will be a 14h for full 
protocol operation at a data rate of 2 MBPS and Is used in the transmitted Signalling Field of the header. This value 
will also be used for detecting the modulation type on the received header. 


CONFIGURATION REGISTER 44 ADDRESS (BOh) RX SERVICE FIELD (RESERVED) 


This register contains the detected received 8-blt value of the Service Field for the Header. This field Is reserved for 
the full protocol mode for future use and should be always a OOh. 


CONFIGURATION REGISTER 45 ADDRESS (B4h) RX DATA LENGTH (HIGH) 


This register contains the detected higher byte (bits 8-15) of the received Length Field contained in the Header. This 
byte combined with the lower byte indicates the number of transmitted bits in the data packet. 


CONFIGURATION REGISTER 46 ADDRESS (B8h) RX DATA LENGTH (LOW) 


This register contains the detected lower byte of the received Length Field contained In the Header. This byte com¬ 
bined with the upper byte indicates the number of transmitted bits in the data packet. 


CONFIGURATION REGISTER 47 ADDRESS (BCh) RX CRC16 (HIGH) 


This register contains the upper byte bits (8 -15) of the received CRC16 field Header. This register combined with the 
lower byte represents a 16-bit CRC16 value protecting transmitted header. The fields protected are selected by con¬ 
figuring the header control bits at configuration register 2. 


CONFIGURATION REGISTER 48 ADDRESS (COh) RX CRC16 (LOW) 


This register contains the lower byte bits (0-7) of the received CRC16 field Header. This register combined with the 
upper byte represents a 16-bit CRC16 value protecting transmitted header. The fields protected are selected by con¬ 
figuring the header control bits at configuration register 2. 




RX_CRC16 

15 14131211 10 9 8765432 1 0 

RX_CRC16(HIGH) 

7 6 5 4 3 2 1 0 

RX_CRC16(LOW) 

76543210 



NOTE: The receive CRC16 Field protects the following fields depending 
upon the mode selection, as defined in configuration register 2. 

Mode 0 CRC16 not used 

Mode 1 CRC16 protects SFD 

Mode 2 CRC16 protects SFD, and Length Field 

Mode 3 CRC16 protects Signalling Field, Service Field, and Length Field 


CONFIGURATION REGISTER 49 ADDRESS (C4h) SFD (HIGH) 


This 8-bit register contains the upper byte bits (8-15) of the SFD used for both the Transmit and Receive header. This 
register combined with the lower byte represents the 16-bit value for the SFD field. 
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_ CONFIGURATION REGISTER 50 ADDRESS (C8h) SFD (LOW) _ 

Bits 0 - 7 This 8-bit register contains the upper byte bits (0-7) of the SFD used for both the Transmit and Receive header. This 

register combined with the lower byte represents the 16-bit value for the SFD field. 

_ CONFIGURATION REGISTER 51 ADDRESS (CCh) TX SERVICE FIELD _ 

Bits 0 - 7 This 8-bit register is programmed with the 8-blt value of the Service Field to be transmitted in a Header. This field is 

reserved for future use and should be always a OOh. 

CONFIGURATION REGISTER 52 ADDRESS (DOh) TX DATA LENGTH FIELD (HIGH) 

Bits 0 - 7 This 8-bit register contains the higher byte (bits 8-15) of the transmit Length Field described in the Header. This byte 

combined with the lower byte indicates the number of bits to be transmitted in the data packet. CR 52/53 should not 
be set to OOOOh. This value would cause the modem to reset after SFD. 

CONFIGURATION REGISTER 53 ADDRESS (D4h) TX DATA LENGTH FIELD (LOW) 

Bits 0 - 7 This 8-bit register contains the lower byte bits (0-7) of the transmit Length Field described in the Header. This byte 

combined with the higher byte indicates the number of bits to be transmitted in the data packet, including the MAC 
payload header. CR 52/53 should not be set to OOOOh. This value would cause the modem to reset after SFD. 

_ CONFIGURATION REGISTER 54 ADDRESS (D8h) TX CRC16 (HIGH) __ 

Bits 0 - 7 This 8-bit register contains the upper byte (bits 8-15) of the transmitted CRC16 Field for the Header. This register 

combined with the lower byte represents a 16-bit CRC16 value calculated by the HSP3824 to protect the transmitted 
header. The fields protected are selected by configuring the header mode control bits at register address 02. 

_ CONFIGURATION REGISTER 55 ADDRESS (DCh) TX CRC16 (LOW) _ 

Bits 0 - 7 This 8-bit register contains the lower byte (bits 0-7) of the transmitted CRC16 Field for the Header. This register 

combined with the higher byte represents a 16-bit CRC16 value calculated by the HSP3824 to protect the transmitted 

header. The fields protected are selected by configuring the header mode control bits at register address 02. 
configuration register 2 



NOTE: The receive CRC16 Field protects the following fields depending 
upon the mode selection, as defined in register address 02. 

Mode 0 CRC16 not used 

Mode 1 CRC16 protects SFD 

Mode 2 CRC16 protects SFD, and Length Field 

Mode 3 CRC16 protects Signalling Field, Service Field, and Length Field 

_ CONFIGURATION REGISTER 56 ADDRESS (EOh) TX PREAMBLE LENGTH _ 

Bits 0 - 7 This register contains the count for the Preamble length counter. This counter is programmable up to 8-blts and 

represents the number of preamble bits. This should be set at 50h for 1 antenna and 80h for dual antennas. 
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Introduction 

|!S9!K99fH|H ] ] This document includes a 
mjtSiJBilUUBfU) I description of the HW/SW 
^/y interface for the IEEE802.11 
target radio architecture 
based on the Harris PRISM™ chip set and the AMD Media 
Access Controller (MAC) AM79C930 processor. The infor¬ 
mation includes ail the necessary interface requirements 
that can be used to control the PRISM radio with any other 
controller or processor that does not necessarily target 
iEEE802.11. The design example, though, addresses spe¬ 
cial design issues interfacing with the AM79C930. 


Hardware Configuration 

The block diagram in Figure 1 is intended to show a top levei 
view of the basic hardware devices comprising the radio 
design. The detailed list of all signal interfaces required 
between MAC and the Physical Layer (PHY) or the PRISM 
radio are listed in Table 1 of this document. 

List of Signals 

Table 1 summarizes the signals that are required to control 
the PHY radio operations. The first column lists the PHY 
signal name, the second column indicates whether the 
signal is an output or an input to the MAC, the next column 
contains a brief description of each listed signal and the last 
two columns indicate the HW component part number and 
the pin connection for each of the listed signals at both the 
PHY and the MAC ends. 


OPTIONAL 
RSSI INPUT 


HFA3624 

RF-IF 

CONVERSION 


DS 

CHANNEL 

FILTER 


HFA3724 

IF-BB 

CONVERSION 


HSP3824 

DSSS 

BASEBAND 

PROCESSOR 


PC CARD 

Interface 


HFA3925 
POWER AMP 


I HFA3524 I 

DUAL SYNTHESIZERA^CO I 


TX_PE CONTROL 
RX_PE CONTROL" 


FIGURE 1. PRISM^^ CHIPSET SYSTEM BLOCK DIAGRAM 


PRISM™ and the PRISM™ logo are trademarks of Harris Corporation. 
Copyright © Harris Corporation 1997 
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Summary List of MAC-PHY Interface Signals 

TABLE 1. MAC-PHY INTERFACE SIGNALS 



I/O 



MAC PIN 


FROM/ 



NUMBER 

PHY SIGNAL NAME 

TO MAC 

DESCRIPTION 

PHY PART/PIN NUMBER 

AM79C930 

SYNTH_DATA 

O 

Serial Data Bus (Synthesizer) 

HFA3524 (12) 

MAC (102) 

SYNTH_CLK 

o 

Serial Control Clock (Synthesizer) 

HFA3524 (11) 

MAC (101) 

SYNTH_LE 

0 

Load Enable (Synthesizer) 

HFA3524 (13) 

MAC (3) 

RX_PE 

0 

Receive Power Enable (RF/IF Converter) 

HFA3624 (28) 

MAC (126) 

TX_PE 

0 

Transmit Power Enable (RF/IF Convt.) 

HFA3624 (15) 

MAC (142) 

RX_PE 

o 

Receive Power Enable (Qmodem) 

HFA3724 (21,43, 54,74) 

MAC (126) 

TX_PE 

0 

Transmit Power Enable (Qmodem) 

HFA3724 (22, 41) 

MAC (142) 

SELO 

0 

Low Pass Filter Control (Qmodem) 

HFA3724 (17) 

MAC (132) 

SEL1 

o 

Low Pass Filter Control (Qmodem) 

HFA3724 (16) 

MAC (141) 

TX_PE_BB 

0 

Transmit Power Enable (transmit port) 

HSP3824 (2) 

MAC (131) 

TXD 

0 

Transmit Data (Transmit Port) 

HSP3824 (3) 

MAC (121) 

TXCLK 

I 

Transmit Clock (Transmit Port) 

HSP3824 (4) 

MAC (115) 

TX_RDY 

I 

Transmit Data Ready (Transmit Port) 

HSP3824 (5) 

MAC (91) 

RX_PE_BB 

0 

Receiver Power Enable (Receive Port) 

HSP3824 (33) 

MAC (122) 

MD_RDY 

I 

MAC Data Ready (Receive Port) 

HSP3824 (34) 

MAC (95) 

RXD 

I 

Receive Data (Receive Port) 

HSP3824 (35) 

MAC (123) 

RXCLK 

I 

Receive Clock (Receive Port) 

HSP3824 (36) 

MAC (124) 

CS 

0 

Chip Select (Control Port) 

HSP3824 (9) 

MAC (107) 

AS 

0 

Address Strobe (Control Port) 

HSP3824 (23) 

MAC (105) 

R/W 

0 

Read/write Strobe (Control Port) 

HSP3824 (8) 

MAC (103) 

SCLK 

o 

Serial Control Clock (Control Port) 

HSP3824 (24) 

MAC (101) 

SDATA 

I/O 

Bi-directional Serial Data Bus (Cnt. Port) 

HSP3824 (25) 

MAC (102) 

CCA 

I 

Clear Channel Assessment 

HSP3824 (32) 

MAC (96) 

RESET 

0 

Master Reset 

HSP3824 (28) 

MAC (118) 

PA_PE 

0 

Transmit Amplifier Power Enable (RFPA) 

HFA3925 (11,18, 23) 

MAC (131) 

OSC_START 

o 

VCO Enable Circuit 

VCO Startup Circuit 

MAC(92) 

RADIO_PE 

0 

Radio Power Enable. 

RADIO 

MAC (2) 
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Interface Signal Description 

Table 2 Consists of a functional description for each of the PHY signals that are part of the HW/SW Interface. 

TABLE 2. MAC-PHY INTERFACE SIGNALS 

SIGNAL NAME SIGNAL DESCRIPTION 

SYNTH_DATA Binary serial data input used to configure the PHY RF frequency synthesizer (HFA3524), Data is entered MSB first. 
A single data transfer is 22>bits wide. This Is a high impedance CMOS input to the PHY. 

SYNTH_CLK This Is the clock for the SYNTH_DATA. The data Is clocked in the appropriate synthesizer register on the rising edge 
of SYNTH_CLK. This Is a high impedance CMOS input to the PHY. 

SYNTH_LE Load enable for the PHY RF frequency synthesizer (HFA3524). When signal goes active (High), data stored in the 

shift register is loaded in one of the 4 synthesizer operational registers as defined by the control bits which are the 
two LSBs of the SYNTH.DATA. 

SELO, SEL1 Digital control Input to the PHY. Selects four programmed cut off frequencies for both receive and transmit channels 

of the analog baseband LPF. Tuning speed from one cutoff to another is less than 1 ms. For IEEE802.11 the 8.8MHz 
cutoff frequency is used. 

SEL1 SELO Cutoff Frequency SEL1 SELO Cutoff Frequency 

LO LO 2.2MHz HI LO 8.8MHz 

LO HI 4.4MHz HI HI 17.6MHz 

TX_PE Transmit Channel Power Enable Control Input. TTL compatible input. Enable logic level is High. This signal controls 

several IF/RF components of the PHY transmit chain. It is driving a total of 3 PHY inputs of the PHY components 
HFA3634 and HFA3724. 

RX_PE Receive Channel Power Control Input. TTL compatible input. Enable logic level is High.Thls signal controls several 

IF/RF componets of the PHY. It is driving a total of 5 PHY inputs of the PHY components HFA3624 and HFA3724. 

TX_PE_BB TX_PE_BB is an input from the Media Access Controller (MAC). The rising edge of TX_PE_BB will start the internal 

transmit state machine of the PHY digital modem and the falling edge will inhibit the state machine. TX_PE _BB en 
velopes the transmit data. 

TXD TXD is an input, used to transfer serial Data or Preamble/Header information bits from the MAC to the PHY digital 

modem (HSP3824). The data is received serially with the LSB first. The data Is clocked in the HSP3824 at the falling 
edgeofTXCLK. 

TXCLK TXCLK is a clock output used to receive the data on the TXD from the MAC to the PHY digital modem (HSP3824), 

synchronously. Transmit data on the TXD bus is clocked into the PHY on the falling edge. 

TX_RDY When the HSP3824 is configured to generate the Preamble and Header information internally, TX_RDY is an output 

to the external network processor indicating that Preamble and Header information has been generated and that the 
HSP3824 is ready to receive the data packet from the network processor over the TXD serial bus. TX_RDY returns 
to the inactive state when TX_PE goes inactive Indicating the end of the data transmission. TX_RDY is an active high 
signal. This signal is meaningful only when the HSP3824 generates its own Preamble. 

CCA Clear Channel Assessment (CCA) is an output used to signal that the channel is clear to transmit. The CCA algorithm 

is user programmable and makes its decision as a function of RSSI, Energy detect (ED), Carrier Sense (CRS) and 
the CCA watch dog timer. The CCA algorithm and its programmable features are described in the data sheet of the 
HSP3824 PHY component. 

Logic 0 = Channel is clear to transmit. 

Logic 1 = Channel is NOT clear to transmit (busy). 

NOTE: This polarity is programmable and can be inverted. 

RXD RXD is an output to the MAC transferring demodulated Header Information and data in a serial format. The data is 

sent serially with the LSB first. The data Is frame aligned with MD-RDY. 

RXCLK RXCLK is the output bit clock to the MAC. This clock is used to transfer Header information and data through the RXD 

serial bus to the MAC. This clock reflects the bit rate In use. RXCLK will be held to a logic "0“ state during the acqui¬ 
sition process of the PHY. RXCLK becomes active when the PHY enters in the data demodulation mode, im mediately 
following signal acquisition. This occurs once bit sync is declared and a valid signal quality estimate is made, when 
comparing the programmed signal quality thresholds. 

MD_RDY MD_RDY is an output signal to the MAC, indicating a data packet is ready to be transferred to the MAC. MD_RDY is 

an active high signal and it envelopes the data transfer to the MAC over the RXD serial bus. MD_RDY returns to Its 
inactive state when there is no more receiver data, when the programmable data length counter reaches its value or 
when the link has been interrupted. MD_RDY remains inactive during preamble synchronization. MD_RDY can be 
programmed to become active after the SFD detection in the protocol or after the CRC check field in the Header. 
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TABLE 2. MAC-PHY INTERFACE SIGNALS (Continued) 


SIGNAL NAME 

SIGNAL DESCRIPTION 

RX_PE_BB 

When active, digital modem receiver of the PHY is configured to be operational, othenwise the digital modem receiver 
(HSP3824) is in standby mode. This is an active high input signal. 

SD 

SD is a seriai bi-directional data bus which is used to transfer address and data to/from the internal registers of the 
PHY digital modem. The bit ordering of an 8-bit word is MSB first. The first 8-blts during transfers indicate the register 
address immediately followed by 8 more bits representing the data that needs to be written or read from that register. 

SCLK 

SCLK is the clock for the SD serial bus of the PHY digital modem. The data on SD Is clocked at the rising edge. SCLK 
is an input ciock to the PHY digital modem (HSP3824). The maximum rate of this clock Is 10MHz. 

AS 

AS is an address strobe used to envelope the Address or the data on SD of the PHY digital modem. This is an input 
signal to the PHY digital modem (HSP3824) 

Logic 1 = envelopes the address bits. 

Logic 0 = envelopes the data bits. 

R/W 

R/W Is an input to the PHY digital modem (HSP3824) used to change the direction of the SD bus when reading or 
writing data on the SD bus. R/W must be set up prior to the rising edge of SCLK. A high level indicates read while a 
low level is a write. 

CS 

CS is a chip select for the PHY digital modem to activate the serial control port. This is an input signal to the PHY. 

The CS doesn't impact any of the other interface ports and signals, i.e., the TX or RX ports and interface signals. This 
is an active low signal. When inactive SD, SCLK, AS and R/W become "don't care" signals. 

RESET 

Master reset for the PHY digital modem (HSP3824). When active, TX and RX functions are disabled. If RESET is 
kept low the HSP3824 goes into the power standby mode. RESET does not alter any of the configuration register 
values nor does it preset any of the registers Into default values. The device requires programming upon power-up. 
RESET can be either active or inactive during programming of the device. 

PA_PE 

Enable for the PHY RF power amplifier (HFA3925) to start transmission. This is a digital interface. A Logic "1" enables 
the transmission. 

OSC_START 

Enable for the VCO Startup Circuit. A low going pulse of 200 ±1 Ops is required to activate the VCO after programming 
the synthesizer. 

RADIO_PE 

Enable for power regulators and clocks driving the PHY. A logic "1" enables operation, a logic "0" puts the complete 
PHY in a power down mode. 


INITIALIZATION & CONTROL INTERFACE 

This HW/SW interface is used to configure and monitor the 
programmable registers of the PHY. There are two PHY 
devices that contain programmable registers: 

• The digital modem 

• The RF frequency synthesizer. This interface is required to 
configure the PHY radio upon power up initialization and 
to monitor status during normal operation. This interface is 
also used to select or switch the frequency channel as 
required for the transmit and receive operations. 

Digital Modem Interface 

The signals necessary to accomplish the functions of this 
interface are: 

CS: Chip select 
AS: Address strobe 
R/W: Read / Write strobe 
SD: Serial Data. 

SCLK: Serial Data Clock. 

This HW/SW interface is required to configure the digital 
modem registers and performs all read and write operations 
to and from the digital modem. The serial control interface is 
used to serially write and read data to/from the digital 


HW/SW Interfaces 

There are four primary HW/SW interfaces that are used for 
configuration and during normal operation of the device. The 
interfaces are power on initialization, transmit mode opera¬ 
tion, receive mode operation and power shut down mode. 
These interfaces are summarized as follows 

• The Initialization & Control Interface, which is used to 
configure, write and/or read the status of the physical layer 
digital modem and the RF synthesizer. This interface is 
required to configure the programmable portions of the 
PHY during power up and coming out of certain power 
down modes. This interface is also used during operations 
for real time reconfiguration of PHY parameters and / or 
for reading PHY status. 

• The TX interface, which is used to control the transmit 
data transfers between the MAC and the physical layer. It 
is also used to control all PHY devices for the transmit 
chain of the radio. 

• The RX Interface, which is used to control the receive 
data transfers between the MAC and the physical layer, it 
is also used to control all PHY devices for the receive 
chain of the radio. 

• The Power Down Interface, which is used to set the 
physical layer into one of three power savings modes. 
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modem. This serial Interface can operate up to a 10MHz rate 
or the maximum sampling clock rate of the PHY (whichever 
Is lower). The sampling or master clock of the physical layer 
is designated as MCLK and must be running during pro¬ 
gramming. This interface is used to program and to read ail 
Internal registers. The first 8-bits always represent the 
address followed immediately by the 8 data bits for that reg¬ 
ister. The serial transfers are accomplished through the 
serial data signal (SD). SD is a bi-directional serial data bus. 
An Address Strobe (AS), Chip Select (CS), and ReadA/Vrite 
(R/W) are also required as handshake signals for this inter¬ 
face. The clock used in conjunction with the address and 


CONTROL PORT READ TIMING 


I- FIRST ADDRESS BITIN i-i-itisi uaiabii uui 

f7654321 *0 7654 321 07654 

-. — . — 


data on SD is SCLK. This clock Is provided to the PHY. The 
timing relationships of these signals are illustrated in Figure 
2. AS is active high during the clocking of the address bits. 
RA/V is high when data is to be read, and low when it is to be 
written. CS must be active (low) during the entire data trans¬ 
fer cycle. CS selects the device. The serial control interface 
operates asynchronously from the TX and RX interfaces and 
can accomplish data transfers independent of the activity at 
the other digital or analog interfaces. CS does not effect the 
TX or RX operation of the device; Impacting only the opera¬ 
tion of the Control interface. 


FIRST DATA BIT OUT 


MSB ADDRESS IN 


I MSB DATA OUT LSB 


CONTROL PORT WRITE TIMING 


765432107654321 07654 


MSB ADDRESS IN 


< MSB DATA OUT LSB 


FIGURE 2. DIGITAL MODEM CONTROL INTERFACE 


PHY Modem Configuration cates whether the corresponding register is Read only (R) or 

^ .r-,. * . • * X u ReadA/VrIte (RA/V). Some registers are two bytes wide as 

The PHY modem has 57 intemal register that can be con- ^ 3 

figured through the contro jnterface These registers are configuration to implement the 

isted in Tabie 3 beiow. The tabie liste the configuration regs- ,eee 802.11 requirements as of the JULY 95 proposed draft, 
ter number, a brief name describing the register, and the 
HEX address to access each of the registers. The type indi- 

TABLE 3. CONFiGURATiON AND CONTROL PHY REGiSTER LIST 



CONFiGURATiON 

REGiSTER 

NAME 

TYPE 

REGISTER 
ADDRESS HEX 

REGISTER 
DATA HEX 

CRO 

MODEM CONFIG. REG #1 

pm 

00 

1E 

CR1 

MODEM CONFIG. REG #2 

RAA/ 

04 

82 

CR2 

MODEM CONFIG. REG #3 ytd 

RA/V 

08 

23 

CR3 

MODEM CONFIG. REG #4 

RA/V 

OC 

03 

CR4 

INTERNAL TEST REGISTER #1 

RA/V 

10 

00 

CR5 

INTERNAL TEST REGISTER #2 

pm 

14 

00 
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CONFIGURATION 

REGISTER 


TABLE 3. CONFIGURATION AND CONTROL PHY REGISTER LIST (Continued) 


REGISTER 
ADDRESS HEX 


REGISTER 
DATA HEX 
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TABLE 3. CONFIGURATION AND CONTROL PHY REGISTER LIST (Continued) 


CONFIGURATION 

REGISTER 

NAME 

TYPE 

REGISTER 
ADDRESS HEX 

CR44 

RX_SER_FIELD 

R 

BO 

CR45 

RX_LEN FIELD (HIGH) 

R 

B4 

CR46 

RX_LEN FIELD (LOW) 

R 

B8 

CR47 

RX_CRC16 (HIGH) 

R 

BC 

CR48 

RX_CRC16 (LOW) 

R 

CO 

CR49 

UW (HIGH) 

R/W 

C4 

CR50 

UW (LOW) 

R/W 

C8 

CR51 

TX_SER_F 

R/W 

CC 

CR52 

TX_LEN (HIGH) 

R 

DO 

CR53 

TX_LEN (LOW) 

R 

D4 

CR54 

TX_CRC16 (HIGH) 

R 

D8 

CR55 

TX_CRC16 (LOW) 

R 

DC 

CR56 

TX_PREM_LEN 

R/W 

EO 


REGISTER 
DATA HEX 



Synthesizer Interface 

The following signals are required to accomplish the tunc- These signals are utilized to configure the RF frequency 
tions of this interface: synthesizer. The synthesizer tunes the radio to the appropri- 


Synth_Data 

Synth_Clk 

Synth_LE 


Serial Synthesizer Data 
Synthesizer Data Clock 
Synthesizer Load Enable 


synthesizer. The synthesizer tunes the radio to the appropri¬ 
ate receive and transmit channels. Figure 3 illustrates the 
required timing to write the appropriate frequency to the 
PHY synthesizer. 


data N20:MSB X 


N1 X CONTROL BITiLSB 


(R20:MSB) (R19) 


(R8) (R7) (R6) (R1) CONTROL BIT:LSB 


FIGURE 3. SYNTHESIZER SERIAL DATA INTERFACE 


The following Data patterns are required to initialize the PHY 
synthesizer for IEEE802.11 operation. It should be noted 
that the register order is important with IF R first followed by 
IF N, RF R, and RF N. Also note that when powering up or 
coming out of Power Down Mode #2 (see page 10). The 4 
registers should be written to twice. This is because the 
device RF and IF sections should be enabled before config¬ 
uring the R and N pairs; and this effectively occurs if the val¬ 
ues below are written twice In the IF R, IF N, RF R, RF N 
order. Also note that the OSC_START signal must follow any 
synthesizer programming cycle. 


SYNTH_DATA 16,1801 h 
SYNTH_DATA 6, 60h 
SYNTH.DATA 16,4118h 
SYNTH_DATA 6,04h 
SYNTH.DATA 16,1801 h 
SYNTH DATA 6,68h 


;IF R Counter register 
initialization. 

;IF N Counter register 
initialization. 

;RF R Counter register 
initialization. 
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The Harris_Freq_Table holds the 22-bit values for the 
synthesizer RF N Counter control register. Each entry Is com¬ 
prised of three bytes. Eight bits of the first byte is serially 
shifted out to the synthesizer (MSBIt first), followed by 8-bits of 
the second byte (MSBit first), followed finally by the 6 MSBits 
of the third b^e (MSBit first). The two LSBits of the third byte 
in each entry are Ignored. The synthesizer configuration for 
each of the 12 IEEE802.11 channels is shown below. 

Harris_Freq_Table label byte 


db 

02h, 011h, 04Ch 

;Channel 1 

db 

02h, 011h, 09Ch 

;Channel 2 

db 

02h, 011h, OECh 

;Channel 3 

db 

02h, 018h, 03Ch 

jChannel 4 

db 

02h, 018h, 08Ch 

;Channel 5 

db 

02h, 018h, ODCh 

;Channel 6 

db 

02h, 019h, 02Ch 

iChannel 7 

db 

02h, 019h, 07Ch 

iChannel 8 

db 

02h, 019h, OCCh 

;Channel 9 

db 

02h, 020h, 01 Ch 

;Channel 10 

db 

02h, 020h, 06Ch 

;Channel 11 

db 

02h, 021 h, OCCh 

;Channel 12 


TX INTERFACE 

The signals required for the control of the transmit functions 
of the radio are: 

TX_PE_BB: Transmit power enable for digital modem 
TXD: Transmit digital data 
TXCLK: Transmit data clock 
TX_RDY: Transmit data ready 
TX_PE: Transmit power enable for RF and IF sections 
PA_PE: Power amplifier transmit enable 
SEL 0,1: Selection of appropriate baseband LPF 
CCA: Clear channel assessment indicator from PHY 

To initiate the transmit operation the MAC generates TX_PE. 
The Preamble and Header are then generated by the PHY. 
Finally, when cued, the MAC delivers the data packet to the 
PHY for transmission. The transmit data digital interface 
transfers the data that needs to be transmitted serially to the 
PHY. The data is modulated and transmitted as soon as it is 
received from the MAC. The serial digital data is input to the 
PHY through TXD using the falling edge of TXCLK to clock It 
in the PHY. TXCLK Is an output from the PHY. A timing dia¬ 
gram of the transmit signal sequence is shown on Figure 4. 
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FIGURE 4. TRANSMIT TIMING DIAGRAM 
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The preamble and PHY header transmission is always at a 
1Mbps (BPSK) data rate. The MAC header and data that 
follows can be either at 1 Mbps (BPSK) or at 2Mbps (QPSK). 
To avoid rate switching within any single transmission 
between the MAC-PHY interface, the TXCLK will always be 
at the higher rate of 2Mbps. This implies that each of the 
BPSK symbols needs to be coming into the PHY twice. The 
MAC needs to send the same BPSK symbol twice at a rate 
of 2Mbps and this action will make it equivalent to the 
required BPSK symbol rate of 1Mbps. If QPSK data bits 
follow the PHY header, they will be sent from the MAC to the 
PHY only once at the 2Mbps rate. 

The MAC initiates the transmit sequence by asserting 
TX_PE. Then TX_PE_BB envelopes the transmit data 
packet on TXD. The PHY responds by generating TXCLK to 
input the serial data on TXD. TXCLK will run until 
TX_PE_BB goes back to its inactive state indicating the end 
of the data packet. In addition Figure 4 illustrates the state of 
the PHY receive signals while transmitting as well as, the 
power enable, reset, and filter select proper signal states. 

The PHY supports two possible data transfer scenarios, one 
where the preamble and header fields are generated within 
the PHY and one where the MAC generates the preamble 
and header fields. The scenario described herein assumes 
that the PHY generates the preamble and PHY header. 

During this mode the PHY will Immediately start transmitting 
the preamble and header as internally generated. Data 
available on TXD upon assertion of TX_PE_BB would be 
Ignored. When the internally generated preamble and 
header are finished the PHY asserts TX_RDY. This signals 
the MAC to begin sending the data packet. TX_RDY 
assertion timing is programmable via Configuration Register 
(CR) 1. The timing diagram of this TX scenario, where the 
preamble and header are generated internal to the PHY, is 
illustrated on Figure 4. 

One other signal that can be used to assist MAC transmit 
decisions as part of the TX interface is the Clear Channel 
Assessment (CCA) signal which Is an output from the PHY. 
The CCA provides the indication that the channel is clear of 
energy and the transmission will not be subject to collisions. 
CCA can be monitored by the MAC to assist in deciding when 
to Initiate transmissions. The CCA indication can be bypassed 
or ignored by the MAC without impacting any of the physical 
layer operations. The state of the CCA does not effect the 
transmit operation of the PHY. TX_PE and TX_PE_BB will 
always initiate the transmit state independent of the state of 
CCA. The CCA timing Is not shown in the timing diagram of 
Figure 4 since it is an optional signal and does not influence 
the PHY transmit operations. 

Signals TX_RDY, TX_PE_BB and TXCLK can be set 
individually, by programming CR9, as either active high or 
active low signals. 

To avoid increasing throughput delays it Is critical that the 
timing of TX_PE and RX_PE are as close to complementary 
of each other as possible. 


When first attempting to transmit upon power-up, 
PA_PE must stay iow for at ieast 10ms after RADiO_PE 
goes high. 

RX INTERFACE 

The signals that control the receive functions of the radio are: 
RX_PE_BB: Receive power enable for digital PHY modem 
MD_RDY: MAC data ready, enveloping the MAC data 
packet from the PHY 

RXD: Receive serial baseband data to the MAC 
RXCLK: Receive data clock to the MAC 
RX_PE: Receive power enable for the RF and IF 
section of the PHY radio 
SEL 0,1: Receive LPF frequency select 

Timing diagram. Figure 5 Illustrates the relationships 
between the various signals required to control the PHY dur¬ 
ing the receive operations. 

The receive data interface of the PHY digital modem (RXD) 
serially outputs the demodulated data to the MAC. The data 
is output as soon as It is demodulated by the PHY. RX_PE 
and RX_PE_BB must be at their active state throughout the 
receive operation. When RX_PE, RX_PE_BB are Inactive 
the PHY receive functions, including acquisition,, will be in a 
stand by mode. The timing relationships between RX_PE 
and RX_PE_BB, as well as, the state of the transmit signals, 
power enable signals, reset and filter select signal states are 
illustrated on Figure 5 for the receive operation during the 
reception of a single packet. 

RXCLK Is an output from the PHY and is the clock for the 
serial demodulated data on RXD. MD_RDY Is an output from 
the PHY and It envelopes the valid data on RXD. MD_RDY Is 
programmable and is asserted either after the Start Frame 
Delimiter field has been detected or immediately after the 
CRC field of the header has been checked. MD_RDY is pro¬ 
grammed through CR3, bit-7 to select when it will be 
asserted. The PHY may also be programmed to ignore error 
detection during the CRC check of the header fields. If pro¬ 
grammed to ignore errors the device continues to output the 
demodulated data in its entirety regardless of the CRC 
check result. This option is programmed through CR2, bit-5. 

The preamble and PHY header are always received at a 

1 Mbps (BPSK) data rate. The MAC header and data that fol¬ 
lows can be either at 1 Mbps (BPSK) or at 2 Mbps (QPSK). 
To avoid rate switching within any single packet reception 
between the MAC-PHY interface, the RXCLK will always be 
at the higher rate of 2 Mbps. This implies that each of the 
BPSK symbols is coming out of the PHY twice. The PHY 
sends to the MAC the same BPSK symbol twice at a rate of 

2 Mbps and this action will make it equivalent to the required 
BPSK symbol rate of 1 Mbps. If QPSK data bits follow the 
PHY header, they will be sent to the MAC from the PHY only 
once at the 2 Mbps rate. 

If rate switching is not an Issue for the controller (MAC) then 
the HSP3824 can be configured to rate switch within the 
packet. The HSP3824 can automatically switch from BPSK 
to the QPSK rate at the appropriate time. 
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Note that RXCLK and RXD become active after acquisition, 
well before MD_RDY is asserted. MD_RDY returns to its 
inactive state under the following conditions: 

• The number of data symbois, as defined by the iength field 
in the protocoi, has been received and output through 
RXD in its entirety (normal condition). 


• PN tracking is iost during demoduiation. 

• RX_PE_BB is deactivated by the MAC. 

MD_RDY can be configured through CR9, bit-6 to be active 
iow, or active high. 

To avoid increasing throughput deiays it is criticai that the 
timing of TX_PE and RX_PE are as ciose to compiementary 
of each other as possibie. 


RXCLK 


RX_PE 


MD.RDV 


RX_PE_BB 
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PROCESSING 
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FIGURE 5. RECEIVE TIMING DIAGRAM 


POWER DOWN MODES 

The power consumption modes of the PHY are controlled by 

the following controi signals: 

• Receiver Power Enabie (RX_PE & RX_PE_BB), which 
disable the radio receiver vyhen inactive- 

• Transmitter Power Enable (TX_PE & TX_PE_BB & 
PA_PE), which disable the radio transmitter when inactive. 

• Reset (RESET), which puts the digitai receiver in a sieep 
mode when it is asserted at ieast 2 MCLK’s after RX_PE 
is set at its inactive state. 

• RADiO_PE, which disabies power reguiators and all 
digital clocks to the PHY. 

• In addition the radio RF synthesizer is programmable and 
can be set at a maximum power savings mode. 

Utilizing the availability of the signals above there are three 

power savings modes defined: 


• Power Down mode #1: During this mode the current con¬ 
sumption of the radio is estimated at 38mA. The radio can 
not receive or transmit when configured for this mode. 
When in this mode, it takes 25ps. to return the radio in its 
operational mode, when set in this mode, the PHY main¬ 
tains its configuration data. There is no need to reprogram 
any of the radio register values. To activate Power Down 
mode #1 the following signals need to be set at the states 
shown below: 

RX_PE: LOW 
RX_PE_BB: LOW 
TX.PE: LOW 
TX_PE_BB: LOW 
PA_PE: LOW 
RESET: LOW 
RADIO_PE: HIGH 
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• Power Down mode #2: During this mode the current 
consumption of the radio is estimated at 23mA. The radio 
cannot receive or transmit when configured for this mode. 
When in this mode, it takes 2ms. to return the radio in its 
operational mode. During this mode the synthesizer is 
programmed into its power savings mode. When set at 
this mode, the PHY maintains its configuration data. There 
is no need to reprogram any of the radio register values. 
However, the Synthesizer needs to be reprogrammed 
according to Synthesizer Interface Section on page 7. 

To activate Power Down mode #2 the following signals need 
to be set as shown below; 


SYNTH.DATA 16,1801 h 
SYNTH_.DATA 6,68h 

SYNTH_DATA 16,8211h 
SYNTH_DATA 6,4Ch 


;RF N Counter register 
initialization. 

;RF N Counter register 
initialization. 


RX_PE 

LOW 

RX_PE_BB 

LOW 

TX_PE 

LOW 

TX_PE_BB 

LOW 

PA_PE 

LOW 

RESET 

LOW 

RADIO.PE 

HIGH 


In addition the Synthesizer needs to be programmed via the 
synthesizer configuration interface as shown below: 

SYNTH_DATA 16,1801h ;IF R Counter register 

SYNTH_DATA 6,0h initialization. 


SYNTH_DATA 16,0C118h 
SYNTH^DATA 6,04h 


;IF N Counter register 
initialization. 


• Power Down mode #3: During this mode the current 
consumption of the radio is estimated at Ima. The radio 
can not receive or transmit when configured for this mode. 
When set In this mode, it takes 15ms. to return the radio to 
its operational mode. When set In this mode, the PHY 
does not maintain its register configuration. Ail radio 
register values need to be reprogrammed to resume 
operation. This holds for both the PHY digital modem 
(HSP3824) and the PHY frequency synthesizer 
(HFA3925). To activate Power Down mode #3 the follow¬ 
ing signals need to be set as shown below: 

RX_PE: Don’t Care 
RX_PE_BB: LOW 
TX_PE: Don’t Care 
TX_PE_BB: low 
PA_PE: LOW 
RESET: LOW 
RADIO.PE: LOW 

When first attempting to transmit upon power-up, 
PA.PE must stay low for at least 10ms after RADIO.PE 
goes high. 


Appendix A 

Control Register Values for Single Antenna Acquisition 


REGISTER 

NAME 

TYPE 

REGISTER 

ADDRESS 

IN HEX 

CRO 

MODEM CONFIG. REG #1 

R/W 

00 

CR1 

MODEM CONFIG. REG#2 

R/W 

04 

CR2 

MODEM CONFIG. REG#3 

R/W 

08 

CR3 

MODEM CONFIG. REG#4 

R/W 

OC 

CR4 

INTERNAL TEST REGISTER#! 

R/W 

10 

CR5 

INTERNAL TEST REGISTER #2 

R/W 

14 

CR6 

INTERNAL TEST REGISTER#3 

R/W 

18 

CR7 

MODEM STATUS REGISTER #1 

R 

1C 

CR8 

MODEM STATUS REGISTER #2 

R 

20 

CR9 

I/O DEFINITION REGISTER 

R/W 

24 

CR10 

RSSI VALUESTATUS REGISTER #2 

R 

28 

CR11 

ADC_CAL_POS REGISTER 

R/W 

2C 

CR12 

ADC_CAL_NEG REGISTER 

R/W 

30 
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Appendix A 

Control Register Values for Single Antenna Acquisition (Continued) 


REGISTER 

NAME 

TYPE 

REGISTER 

ADDRESS 

IN HEX 

CR13 

TX.SPREAD SEQUENCE (HIGH) 

R/W 

34 

CR14 

TX_SPREAD SEQUENCE (LOW) 

RA/V 

38 

CR15 

SCRAMBLE_SEED 

R/W 

3C 

CR16 

SCRAMBLE.TAP (RX&TX) 

R/W 

40 

CR17 

CCA_TIMER_TH 

R/W 

44 

CR18 

CCA_CYCLE_TH 

R/W 

48 

CR19 

RSSLTH 

R/W 

4C 

CR20 

RX_SPREAD SEQUENCE (HIGH) 

R/W 

50 

CR21 

RX_SREAD SEQUENCE (LOW) 

R/W 

54 

CR22 

RX_SQ1_ IN_ACQ(HIGH) THRESHOLD 

R/W 

58 

CR23 

RX-SQ1 _ IN_ACQ(LOW) THRESHOLD 

R/W 

5C 

CR24 

RX-SQ1_ OUT_ACQ(HIGH) READ 

R 

60 

CR25 

RX-SQ1_ OUT.ACQ (LOW) READ 

R 

64 

CR26 

RX-SQ1_ IN_DATA (HIGH) THRESHOLD 

RAA/ 

68 

CR27 

RX-SQ1-SQ1_ IN_DATA (LOW) THRESHOLD 

R/W 

6C 

CR28 

RX-SQ1_ OUT.DATA (HIGH) READ 

R 

70 

CR29 

RX-SQ1_ OUT_DATA (LOW) READ 

R 

74 

CR30 

RX-SQ2_ IN_ACQ (HIGH) THRESHOLD 

R/W 

78 

CR31 

RX-SQ2-IN-ACQ (LOW) THRESHOLD 

R/W 

7C 

CR32 

RX-SQ2_ OUT.ACQ (HIGH) READ 

R 

80 

CR33 

RX-SQ2_ OUT_ACQ (LOW) READ 

R 

84 

CR34 

RX-SQ2JN„DATA (HIGH) THRESHOLD 

R/W 

88 

CR35 

RX-SQ2_ IN_DATA (LOW) THRESHOLD 

RA/V 

8C 

CR36 

RX-SQ2_ OUT.DATA (HIGH) READ 

R 

90 

CR37 

RX-SQ2_ OUT.DATA (LOW) READ 

R 

94 

CR38 

RX_SQ_READ; FULL PROTOCOL80211 

R 

98 

CR39 

RESERVED 

W 

9C 

CR40 

RESERVED 

W 

AO 

CR41 

UW_TIME_OUT_LENGTH 

R/W 

A4 
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Appendix A 

Control Register Values for Single Antenna Acquisition (Continued) 


REGISTER 

NAME 

TYPE 

REGISTER 

ADDRESS 

IN HEX 

CR42 

SIG_DBPSK Field 

R/W 

A8 

CR43 

SIG_DQPSK Field 

RTW 

AC 

CR44 

RX_SER_Field 

R 

BO 

CR45 

RX_LEN Field (HIGH) 

R 

B4 

CR46 

RX_LEN Field (LOW) 

R 

B8 

CR47 

RX_CRC16 (HIGH) 

R 

BC 

CR48 

RX_CRC16 (LOW) 

R 

CO 

CR49 

UW -(HIGH) 

R/W 

C4 

CR50 

UW _(LOW) 

R/W 

C8 

CR51 

TX_SER_F 

R/W 

CC 

CR52 

TX_LEN (HIGH) 

R 

DO 

CR53 

TX_LEN(LOW) 

R 

D4 

CR54 

TX_CRC16 (HIGH) 

R 

D8 

CR55 

TX_CRC16 (LOW) 

R 

DC 

CR56 

TX_PREM_LEN 

R/W 

EO 
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Author: John Fakatselis 


Introduction 


PR'SM chip set has 
y been designed to be used for 
Oy both continuous and packetized 
data transmission applications. 
System designers need the capabiiity to evaluate and test 
the radio performance under their operating environments 
and by using their own transmission method and protocols. 
In the case of continuous transmission testing, there are 
commerciaily available Bit Error Rate (BER) testers that can 
be utilized to perform the required evaluation tests. 

In contrast when it comes to packetized data evaluation, the 
availability of Packet Error Rate (PER) testers, to test a pack¬ 
etized radio, are not as readily available. In most cases the 
system evaluators are designing custom test beds to accom¬ 
plish these performance measurements. This application 
note is an attempt to provide some guidance of how to 
design a PER test environment for the PRISM radio. 

Test Bed Description 

The Test bed required is comprised of a TX and an RX set of 
PRISM radios, a PER Tester (PERT) and any other noise 
and interference equipment as required for the emulation of 
the channel environment. Figure 1, illustrates this top level 
test bed configuration. The focus of this note is to explore 
some possibilities for a custom designed PER tester. 


The function of the tester is to generate the desired data 
packets at baseband (digital Data) and feed them to the 
PRISM radio for transmission through an Interface with the 
PRISM HSP3824 Baseband Processor. The TX PRISM 
radio will transmit the packet through the channel. The RX 
radio will demodulate the baseband packet, which will be 
transferred to the PER tester via the HSP3824 interface. The 
PER tester will detect any errors within the received pack¬ 
ets. In addition the PERT should be able to report any 
dropped transmitted packets that were not acknowledged at 
the receiver. These dropped packets will also be accounted 
as part of the PER measurement. 

The test bed includes an interference source to add noise 
and interference at RF to accomplish the PER measurement 
as a function of SNR. 

Test Packets 

The format of the test packets to be transmitted must always 
have one of the formats as described in the HSP3824 data 
sheet. All of the packet formats include a preamble field, 
header fields, and data. 

The preamble is programmable and can be up to 256 sym¬ 
bols long. The preamble is used for initial PN synchroniza¬ 
tion of the receiver. 

The header can consists of various fields depended on the 
desired protocol mode. The header always Includes the Start 
Frame Delimiter (SFD) field. This is true under any mode of 


PACKET ERROR MEASUREMENT TEST BED 



FIGURE 1. PRISM PER MEASUREMENTS TOP LEVEL TEST BED CONFIGURATION 


PRISM™ and the PRISM™ logo are trademarks of Harris Corporation. 
Copyright © Harris Corporation 1996 
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CAN BE GENERATED INTERNALLY FROM HSP3824 
OR 

EXTERNALLY FROM NETWORK PROCESSOR OR PERT 

( PREAMBLE | SFD 

78 - 256 BITS 16 BITS 


SIMPLEST PACKET STRUCTURE 


FIGURE 2. PACKET FORMAT DESCRIPTION 
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FIGURES. PERT TOP LEVEL BLOCK DIAGRAM 
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Modem Interface 

The PERT is required to send the transmit packet to the 
PRISM radio and also to receive the demodulated received 
packet from the radio. The PERT will interface directly with 
the HSP3824 PRISM Baseband Processor. Details of the 
HSP3824 interface requirements are described In the 
HSP3824 data sheet. A timing diagram of the TX and RX 
Interfaces are shown on subsequent figures of this note. The 
TX_PE signal Initiates the transmit operation of the radio. 
The actual rate and duty cycle of this signal will define the 
rate of packet transmission, as well as the length of the 
transmitted packet size. As shown on Figure 4, TX_PE 
envelops the preamble, header and the packet data. The 
TX_PE line can be driven directly from an external, off the 
shelf, pulse generator with a programmable duty cycle. The 
programmable pulse generator will provide a variety of 
packet lengths and transmission rates to adequately evalu¬ 
ate the radio performance. 

TX Function 

The PERT TX functions include the data generator, the data 
length controller, the CRC generator and the TX packet 
counter. 

The data generator outputs the test data that needs to be 
appended to the header. The interface signal TX_RDY indi¬ 
cates to the PER tester when it should start sending the data 
through the HSP3824 interface. The timing is shown on Fig¬ 
ure 5. More details of this Interface are described in the 
HSP3824 data sheet. 

The data generator uses the data length defined by the data 
length controller. The data length controller can be simply a 
register that is programed to indicate the desired size of the 
data packet or it can be controlled directly from the signal of 
the external pulse generator that drives the TX_PE line as 
described above. 

The CRC generator appends a CRC check at the end of the 
data. The CRC will be checked at the RX portion of the PER 
tester after it has been transmitted and received through the 
channel. The RX will check the data for CRC errors and if in 


error then the packet will be declared as such. The PER 
tester TX function maintains a count of all transmitted pack¬ 
ets through the TX packet counter. 

RX Function 

The PERT RX functions include a CRC Check and the RX 
packet counter. The timing of the RX Interface between the 
PRISM (HSP3824) and the PERT receiver is shown on 
Figure 6. 

The PERT checks the data for the CRC calculation starting 
when MD.RDY is asserted by the HSP3824. MD_RDY 
envelopes the first data bit after the preamble and it is deas- 
serted at the end of the data CRC. 

The PERT receiver counts all packets received and then 
subtracts from that count any packets that have been 
detected with a CRC error. This count, that Is maintained by 
the PERTs receiver, in conjunction with the count that is 
maintained by the PERTs transmitter (which keeps track of 
the number of ail transmitted packets) are used to derive the 
PER performance of the system under test. 

This PERT design is capable to account for all packets in error. 

• If a packet is never received, the transmitter will report It 
to its TX packet count and the error will be accounted for. 

• If an error occurs within the PRISM (HSP3824) header, 
which has not been processed by the PERTs CRC circuit, 
the packet in error will not be received by the PERT. The 
HSP3824 will drop the packet (will not assert MD_RDY), 
upon detecting a corrupt header. 

• If an error occurs within the PERT generated data, it will 
be detected by the CRC check function of the PERT 
receiver. This packet will be subtracted from the received 
packet count. 

By utilizing the PERTs CRC checks in combination with the 
HSP3824 programmable features, the design can be sim- 
plifed since no actual data comparisons need to be imple¬ 
mented. This design can lead to effective PER performance 
measurements for a PRISM based packetized system. 


TX PACKET RATE 

TX ENVELOPE TXOFF 


TX_PE 



FIGURE 4. PACKET TRANSMISSION TIMING DIAGRAM 
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MSB OF LAST HEADER FIELD 


NOTE: Preamble/Header and Data is transmitted LSB first TX_RDY is inactive Logic 0 when generated externally. TXD shown generated 
from rising edge TXCLK. 

FIGURE 5. PRISM (HSP3824) DIGITAL TX INTERFACE 


_rijuLnjuyuu^_ 



NOTE: MD_RDY active after CRC16. 

FIGURE 6. PRISM (HSP3824) DIGITAL RX INTERFACE 
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PRiSM™ DSSS PC Card Wireiess LAN Description 

Author: Carl Andren, Mike Paljug, Doug Schultz 


Introduction 

The PRISM™ PC Card Wire- 
ujCQKjSlIini I less LAN Kit is provided with 
j reference wireless LAN PC 
Cards. This note will detail the 
RF and analog design of these cards. The physical layer 
(PHY) sections of these PC Cards are described in detail In 
the following sections. The medium access control (MAC) 
section of the PC Cards is described in detail in the pending 
AMD application note titled “Wireless LAN DSSS PC Card 
Reference Design” [1]. 

Figure 1 shows a block diagram of the reference radio 
design. This radio has been designed to conform to the draft 
IEEE 802.11 specification but does not Include the antenna 
diversity selection. 

The specifications of the PC Card wireless LAN are as 
follows: 

General Specifications 

• Targeted Standard.IEEE 802.11 (Draft) 

• Data Rate.1MBPSDBPSK 

2MBPS DQPSK 

• Range.400ft Indoor Typ (Note 1) 

3700ft Outdoor Typ (Note 1) 

• Frequency Range.2412 - 2484MHz 

• Step Size.1 MHz 

• IF Frequency. 280MHz 

• IF Bandwidth.17MHz 

• RX/TX Switching Speed.2ps Typ 

• Operating Voltage.4.5 - S.SVpc 

• Standby Current.100mA at 25ps Recovery (Note 4) 

65mA at 2ms Recovery (Note 4) 
18mA at 15ms Recovery (Note 4) 

• Operating Temperature Range .. .-30°C to 70°C (Note 2) 

• Storage Temperature Range.-55°C to 125°C 

• Mechanical_Type II PC Card, with Antenna Extension 

• Antenna Interface.SMA, 50Q 


Receive Specifications 

• Sensitivity.-93dBm Typ, 1 MBPS, 8E-2 FER (Note 3) 

-90dBm Typ, 2MBPS, 8E-2 FER (Note 3) 

• Input Third Order Intercept Point.-17dBm Typ 

• Image Rejection.80dB Typ 

• IF Rejection.80dB Typ 

• Adjacent Channel Rejection.35dB Min 

• Supply Current. 320mA Typ, 2MBPS 

Transmit Specifications 

• Output Power.+18dBm Typ 

• Transmit Spectral Mask... .-32dBc Typ at First Side-Lobe 

• Supply Current .. .560mA Typ, 2MBPS, 100% Duty Cycle 
NOTES: 

1. Using omnidirectional antenna. 

2. Oscillator and AM79C930, limited to 0°C to 70°C currently. 

3. FER = Frame Error Rate or Packet Error Rate. 

4. Recovery times do not include MAC recovery. 

Receive Processing 

Referring to the block diagram in Figure 1, a single antenna 
is used. Up to two antennas are supported in the 
HSP3824[2] Baseband Processor to Implement diversity, 
countering the adverse effects of multi-path fading. From the 
antenna, the received input is applied to FL1, a Toko TDF2A- 
2450T-10 two pole dielectric bandpass filter, which is used to 
provide image rejection for the receiver. The IF frequency Is 
280MHz, and low-side injection Is used, thereby placing the 
received Image 560MHz below the tuned channel. FL1 also 
provides protection for the RF front-end from out of band 
interfering signals. 

The T/R switch is integrated in the HFA3925[3] RF Power 
Amplifier (RFRA). The HFA3925 RFRA operates from the 
unregulated 5V PC Card supply. Following the T/R switch, 
the HFA3424[4] Low Noise Amplifier (LNA) is used to set the 
receiver noise figure. The HFA3424 LNA operates from a 
regulated 3.5V supply. 

A trade-off between noise figure and input intercept point 
exists in any receiver, to balance these conflicting require¬ 
ments in the PRISM^^ radio, an attenuator follows the 
HFA3424 LNA. The attenuation chosen is 5dB. To improve 


PRISM™ and the PRISM™ logo are trademarks of Harris Corporation. 
Copyright © Harris Corporation 1997 













































FIGURE 1. PRISM^** PC CARD BLOCK DIAGRAM 
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TABLE 1. PRISM^H CASCADED FRONT-END ANALYSIS 


STAGE 

G 

GC 

u. 

FC 

IPSO 

IPSOC 

IPSIC 

FL1 RF FILTER 

-2.0 

-2.0 

2.0 

2.0 

100.0 

100.0 

102.0 

HFA3925 T/R SWITCH 

-1.2 

-3.2 

1.2 

3.2 

34.0 

34.0 

37.2 

HFA3424 LNA 

13.0 

9.8 

2.0 

5.2 

11.1 

11.0 

1.2 

ATTENUATOR 

-5.0 

4.8 

5.0 

5.5 

100.0 

6.0 

1.2 

HFA3624 LNA 

15.6 

20.4 

3.8 

6.0 

15.0 

14.1 

-6.3 

FL2 RF FILTER 

-3.0 

17.4 

3.0 

6.0 

100.0 

11.1 

-6.3 

HFA3624 MIXER 

3.0 

20.4 

12.0 

6.3 

4.0 

3.6 

-16.8 

FL3 IF FILTER 

-10.0 

10.4 

10.0 

6.4 

100.0 

-6.4 

-16.8 

HFA3724[6] IF STRIP 

0.0 

10.4 

7.0 

6.8 

100.0 

-6.4 

-16.8 


Cascaded Gain = 10.4 dB 
Cascaded NF = 6.8 dB 
Cascaded Input IP3 = -16.8 dBm 

NOTE: G (individual stage gain, dB), GC (cumulative gain, dB), F (NF, dB), FC (cumulative NF, dB), IPSO (individual stage output IPS, dBm), 
IPSOC (cumulative output IPS, dBm), IPSiC (cumulative input IPS, dBm) 


noise figure, this attenuation may be reduced; alternatively, 
to improve input intercept point, this attenuation may be 
increased. The cascaded front-end noise figure and input 
intercept point analysis Is shown in Table 1. 

Next, the signal enters the HFA3624[5] RF/IF Converter LNA 
section, which aids in setting receiver NF. FL2 is used to 
suppress image noise generated in both the HFA3424 LNA 
and the HFA3624 LNA, and is a Murata LFJ30- 
03B2442B084 two pole monolithic LC bandpass filter. Only 
modest attenuation at the image frequency is required. The 
insertion loss is not critical, since at this point in the receiver, 
component loss or NF is offset by the preceding gain stages. 
All sections of the HFA3624 RF/IF Converter operate from a 
regulated 3.5V supply. 

Down-conversion from the 2.4GHz - 2.5GHz band is per¬ 
formed in the HFA3624 RF/IF Converter mixer section. As 
previously mentioned, the IF center frequency Is 280MHz, 
and low-side local oscillator (LO) injection Is used. A discrete 
LC matching network Is used at the mixer output to differen¬ 
tially combine the IF outputs, as well as impedance match to 
a 50Q environment. A trimmer capacitor is used as part of 
the narrow-band matching network. An alternative, broad¬ 
band matching network Is described in the HFA3624 RF/IF 
Converter application note, and does not require any tunable 
elements. A direct impedance match to the IF filter, FL3 
could be implemented if desired. The 50Q environment was 
chosen to allow ease in measurement of portions of the 
radio with external test equipment. 

The IF receive filter, FL3, is a Toyocom TQS-432 SAW band¬ 
pass filter. The center frequency is 280MHz, the 3dB band¬ 
width is 17MHz, and the differential group delay is less than 
100ns. insertion loss is typically 6dB, making it ideal for sin¬ 
gle-conversion systems. The impedance of the SAW is 270Q, 
and a series 33nH inductor is used to match the filter input to 
SOD. The SAW output is matched directly to the IF Input of the 


HFA3724 Quadrature IF Moduiator/Demodulator, using a 
shunt 56nH inductor. This presents a 250D source impedance 
to the limiter input, thereby optimizing the limiter’s NF. 

In the receive mode, the HFA3724 Quadrature IF Modulator/ 
Demodulator provides two limiting amplifiers, a quadrature 
baseband demodulator, and two baseband low pass filters. 
All sections of the HFA3724 operate from a regulated 3.5V 
supply. The first limiting amplifier establishes the NF of the IF 
strip at approximately 7dB. A discrete one pole LC differen¬ 
tial filter, FL4, is placed between the two limiters to restrict 
the noise bandwidth of the first limiter. As both limiters 
exhibit a broadband response, with over 400MHz bandwidth, 
a noise bandwidth reduction filter is appropriate to ensure 
that the second limiter is fully limiting on the front-end noise 
within the signal bandwidth, as opposed to the broadband 
noise generated by the first limiter. This filter has a center 
frequency of 280MHz, and a 3dB bandwidth of 50MHz. It 
consists of a fixed 10nH inductor and a fixed 20pF capacitor, 
as described in the HFA3724 data sheet. 

At the output of the limiters, a 200mVp.p differential signal 
level is maintained under all input conditions. This limited sig¬ 
nal Is then mixed In quadrature to baseband in the HFA3724 
Quadrature IF Modulator/Demodulator. The LO needed for 
the quadrature mixing is applied at twice the IF frequency, or 
560MHz. A divide by two circuit then provides an accurate 
quadrature LO for the mixers. The baseband outputs of the 
quadrature mixers are AC coupled off-chip to the integrated 
fifth order Butterworth filters. The output levels of the low pass 
filters are nominally 500mVp.p single-ended, and are Intended 
to be AC coupled to the HSP3824 Baseband Processor. The 
AC coupling time constant is approximately 25 times longer 
than the symbol period, and Is Implemented with 0.01 pF 
series capacitors. These coupling capacitors must be taken 
into account, however, when estimating the time it takes to 
power up or awaken from sleep mode. 
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At the input to the HSP3824 Baseband Processor, the 
quadrature signals are analog to digital converted in wide¬ 
band 3 bit converters. The signals are spread spectrum with 
no DC term, so it Is feasible to AC couple the signals to the 
ADCs and avoid DC bias offsets. The signal at this point has 
been limited to a constant IF amplitude and then passed 
through two separate mixer and low pass filter paths. The 
component variations in these two paths can introduce off¬ 
sets in amplitude and phase and can also use up some of 
the headroom in the ADCs. The maximum amplitude varia¬ 
tion is 2dB and the maximum phase balance variation is 4 
degrees. Since the signal is limited, the IF signals will have 
low peak to average ratios even with noise as an Input. The I 
and Q signals will have sinusoidal properties with PSK mod¬ 
ulation imposed. It is their combined vector magnitude that is 
limited, not their individual amplitudes. To optimize the 
demodulator’s performance, the ADCs are operated at the 
point where they are at full scale on either I or Q one third of 
the time. To maintain this operating point In the face of com¬ 
ponent variations, there is an active adjustment of the ADC 
reference voltage by feedback. This avoids the necessity of 
allowing extra headroom for the variation. The adjustment 
circuit Is very slow and averages the energy from the two 
channels over both packet and noise conditions. 

The HSP3824 Baseband Processor correlates the PN 
spreading to remove it and to uncover the differential BPSK 
or QPSK data. The processor initially uses differential detec¬ 
tion to identify and lock onto the signal. It then makes mea¬ 
surements of the carrier and symbol timing phase and 
frequency and uses these to initialize tracking loops for fast 
acquisition. Once demodulating and tracking, the processor 
uses coherent demodulation for best performance. Since 
this radio uses a spread spectrum signal, the signal to noise 
ratio (SNR) in the chip rate bandwidth Is about OdB when the 
demodulator is at the desired bit error rate In BPSK. The 
radio operates with about 2.5dB of implementation loss rela¬ 
tive to theoretical performance and achieves a sensitivity of 
-93dBm with BPSK. 

The HSP3824 Baseband Processor provides differential 
decoding and descrambling of the data to prepare It for the 
Media Access Controller (MAC). The MAC is an AMD 
AM79C930 PCnet^^-Mobile controller. All packet signals 
have a preamble followed by a header containing a start 
frame delimiter (SFD), other signal related data and a cyclic 
redundancy check (CRC). The MAC processes the header 
data to locate the SFD, determine the mode and length of 
the incoming message and to check the CRC. The MAC 
then processes the packet data and sends it on through the 
PC Card interface to the host computer. The MAC checks 
the packet data CRC to determine the data purity. If cor¬ 
rupted data Is received, a retransmission is requested by the 
MAC which handles the physical layer link protocols. 

Transmit Processing 

Data from the host computer is sent to the MAC via the PC 
Card interface. Prior to any communications, however, the 
MAC sends a Request to Send packet to the other end of the 
link and receives a Clear to Send packet. The MAC then for¬ 
mats the data by appending it to a preamble and header and 


sends It on to the HSP3824 Baseband Processor which 
clocks it In. The HSP3824 Baseband Processor scrambles 
the packet and differentially encodes it before applying the 
spread spectrum modulation. The data can be either DBPSK 
or DQPSK modulated at 1 MSPS and Is a baseband quadra¬ 
ture signal with I and Q components. The spreading is an 11 
chip Barker sequence that is clocked at 11 MHz and Is modu¬ 
lated with the I and Q data components. These are then out¬ 
put to the HFA3724 as CMOS logic signals. 

Transmit quadrature single-bit digital inputs are applied to 
the HFA3724 Quadrature IF Modulator/Demodulator from 
the HSP3824 Baseband Processor. These inputs are attenu¬ 
ated by 1/7 and DC coupled to the fifth order Butterworth low 
pass filters, which are used to provide shaping of the phase 
shift keyed (PSK) signal. The required transmit spectral 
mask, at the antenna, is -30dBc at the first side-lobe relative 
to the main-lobe. An unflltered PSK waveform would have 
the first side-lobe suppressed only -13dBc. The fifth-order fil¬ 
ters are tuned to an approximate 7.7MHz cutoff, using a 
909Q resistor external to the HFA3724. 

In the PC Card wireless LAN, the goal is to control the 
regrowth of the side-lobes, with the HFA3925 RFRA dominat¬ 
ing the regrowth. This will result in maximum transmitted 
power available. To achieve this goal, once the PSK wave¬ 
form is filtered at baseband, all remaining transmit elements 
are operated at a 6dB back-off from compression, except for 
the HFA3925 RFRA, which is operated at less back-off. 

The low pass filters provide initial shaping of the PSK wave¬ 
form. Final shaping is provided by a transmit IF filter, FL5, a 
Toyocom TQS-432 SAW bandpass filter. The low pass filter 
outputs are off-chip AC coupled to the quadrature up-con- 
verter in the HFA3724. As In the receive mode, the base¬ 
band AC coupling time constant is approximately 25 times 
longer than the symbol period, and is implemented with 
0.01 |iF series capacitors. The same twice IF frequency LO 
used previously is also used in this up-conversion. The IF 
output of the HFA3724 is reactively matched to FL5, with a 
250Q resistive load presented to the HFA3724. A shunt 
47nH inductor, in parallel with a 3160 resistor, is used to 
provide this match, negate the effects of board and compo¬ 
nent capacitance, and provide a DC return to Vcc to prevent 
saturation in the IF output stage of the HFA3724. 

The output of FL5 is terminated In a 2000 potentiometer that 
is used for transmit gain control. A shunt 47nH inductor is 
used to negate the effects of parasitic board and component 
shunt capacitance, as well as match the SAW output to the 
potentiometer. This potentiometer has It’s center wiper 
connected to the HFA3624 RF/IF Converter transmit IF 
input, which has an input resistance of approximately 3kO 
By varying the potentiometer, the gain of the transmit chain 
Is controlled, allowing for precise control of the signal 
back-off at the HFA3925 RFRA. Therefore, this potentiome¬ 
ter is adjusted to achieve the desired compromise between 
transmit output power and the main-lobe to side-lobe ratio of 
the output PSK waveform, typically -32dBc to -35dBc. 

Upconverslon to the 2.4GHz - 2.5GHz band is performed in 
the HFA3624 RF/IF Converter transmit mixer. The mixer out¬ 
put is filtered with FL6, a Murata LFJ30-03B2442B084 two 
pole monolithic LC bandpass filter. This filter suppresses the 
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LO feedthrough from the mixer, and selects the upper side¬ 
band. The transmit buffer In the HFA3624 RF/IF Converter 
preampiifies the selected sideband, easing the requirement 
for HFA3925 RFPA gain. 

FL7, a Toko TDF2A-2450T-10 two pole dielectric bandpass 
filter, is used to further suppress both the transmit LO leak¬ 
age and the undesired sideband. 

The HFA3925 RFPA amplifies the transmit signal to a level of 
approximately +20dBm, as measured at the T/R switch out¬ 
put. This represents a back-off from 1dB compression of 
approximately 4.5dB. Transmit side-lobe performance is 
approximately -32dBc to -35dBc with this level of back-off. 

The HFA3925 RFPA Is the only physical layer component 
that operates directly from the 5V PC Card supply. To supply 
the needed negative gate bias to the HFA3925 RFPA, a 
ICL7660SIBA[7] charge pump is used. A second potentiom¬ 
eter Is used to adjust the drain current on the third stage of 
the HFA3925 to a quiescent operating current of 90mA, as 
measured through a one ohm sense resistor. 

A logic-level PMOS switch, RF1K49093[8], Is used to control 
the drain supply voltage to the HFA3925 RFPA, and Imple¬ 
ment a power down mode when receiving. As the 
RF1K49093 Is a dual device, the other PMOS switch Is used 
to control the supply voltage to the HFA3424 LNA and Imple¬ 
ment a power down mode when transmitting. A 2N2222 
NPN transistor is used to level shift the 3.5V logic level from 
the AM79C30 MAC to drive the 5V PMOS switch gates, as 
well as the 5V HFA3925 RFPA T/R control gate. 

Following the T/R switch, FL1 is reused In the transmit mode 
to attenuate harmonics generated in the HFA3925 RFPA, as 
well as providing additional suppression of the LO. As the 
loss of FL1 Is approximately 2dB, the amount of transmit 
power available at the antenna is approximately +18dBm. 

Synthesizer Section 

The dual frequency synthesizer section uses the 
HFA3524[9] Synthesizer and two voltage controlled oscilla¬ 
tors to provide a tunable 2132MHz - 2204MHz first LO, and a 
fixed 560MHz second LO. Both feedback loops use a 1 MHz 
reference frequency that is derived from a 22MHz MF Elec¬ 
tronics T3391-22.0M crystal oscillator. This crystal oscillator 
currently limits the operating temperature range of the radio 
to 0°C to 70^C. Both passive loop filters were designed to 
have loop bandwidths of 10kHz, and phase margins of 50 
degrees. The feedback loop analysis is described in the 
HFA3524 Synthesizer evaluation board documentation. All 
components In the synthesizer section operate from a regu¬ 
lated 3.5V supply. 


The tunable 2132MHz to 2204MHz first LO oscillator is a 
Z~Communlcations SMV2100L VCO. To ensure operation at 
low tuning voltages, a start-up circuit was added to force the 
tuning voltage from the HFA3524 Synthesizer RF charge 
pump to a high state for a short period (~1ms) following 
HFA3524 programming. A 2N2907 PNP transistor was used 
to implement this function, and the AM79C930 MAC device 
provides the control signal. The output level of the first LO to 
the HFA3624 RF/IF Converter is attenuated to approximately 
-3dBm. 

The fixed 560MHz second LO oscillator is a discrete design, 
using a Phillips BFR505 transistor and a Siemens BBY51 
varactor, as described In the HFA3524 Synthesizer evalua¬ 
tion board documentation. The output level of the second LO 
to the HFA3724 Quadrature IF Modulator/Demodulator is 
attenuated to approximately -6dBm and a three pole low 
pass filter is included to preserve the duty cycle of the out¬ 
put. High even order components in the second LO can 
result In offsets from a 50% duty cycle, and will degrade the 
quadrature phase accuracy of the HFA3724. A transconduc¬ 
tance network is used at the HFA3724 LO Input to convert 
the second LO voltage into a current, as recommended in 
the HFA3724 data sheet. As the HFA3524 Synthesizer auxil¬ 
iary IF input covers the 560MHz range, the internal divide- 
by-two LO buffer output of the HFA3724 Is disabled, as rec¬ 
ommended In the HFA3724 data sheet. 

Regulator Section 

Linear voltage regulators are used to provide filtering and 
Isolation from the 5V PC Card input supply. An additional 
advantage of using voltage regulators is a savings in overall 
supply current, as ail of the components that are regulated 
consume less current at a 3.5V operating point, as opposed 
to a 5V operating point. The only components operating 
directly from the 5V supply are the HFA3925 RFPA, In order 
to maximize RF output power, and the PC Card interface. 
Sections of the AM79C930 MAC controller, as well as the 
host computer may use 5V logic levels. 

A total of three regulators, 3.5V Toko TK11235MTL, are used 
in the PC Card wireless LAN. One regulator is devoted to the 
HSP3824 Baseband Processor and AM79C930 MAC 
devices. The remaining two regulate the RF and IF sections of 
the radio. One regulator supplies voltage to the synthesizer 
section, the HFA3424 LNA, and the HFA3624 RF/IF Con¬ 
verter. The second regulator supplies voltage to the HFA3724 
Quadrature IF Modulator/Demodulator. 
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Introduction 


This application note addresses 
the concept of processing gain 
(PG) of Direct Sequence 
Spread Spectrum (DSSS) 


systems. The PRISM chipset is used to implement DSSS 
radio designs. The processing gain provides the unique 
properties to the DSSS waveform primarily in terms of inter¬ 
ference tolerance. The PG of a DSSS system is centered 
around the utilization of random codes which are used in 
conjunction with the data. These random codes are referred 
as Pseudo Noise (PN) codes. The HSP3824 provides this 
coding capability for the PRISM. 


Description 


In a DSSS system random binary data with a bit rate of 
bits per sec (bps) is multiplied (Exclusive Ored) by a 
pseudorandom binary waveform, which is at much higher 
rate and it provides the frequency spreading operation. This 
pseudorandom (PN) binary source outputs symbols called 
chips at a constant chip rate r^ chips per sec (cps).This is a 
random, noise like signal and hence the name PN signal. 
The chip rate is always higher than the bit rate, and the ratio 
of the chip rate to the bit rate is defined as the processing 
gain (PG) [2]. The PG is a true signal to jammer (interfer¬ 
ence) ratio at the receiver after the despreading operation 
(removal of PN). 


The rate of the PN code is the one that defines the 
bandwidth of the transmitted spread waveform. 


The receiver of a DSSS system must remove the spreading 
as the first step in the demodulation process. 


During the despreading operation the receiver must 
generate a phase locked exact replica of the pseudorandom 
spreading waveform to match the transmitted signal. This is 
achieved by the code acquisition, and code tracking loops 
embedded in the HSP3824. The receiver PN sequence must 
be exactly in phase with the transmitted PN sequence, and 
this is achieved by correlation techniques. 


DSSS Transceiver 

A DSSS transmitter is shown in Figure 1. The data is 
denoted by d(t), the spreading signal is denoted by c(t), and 
the spread waveform q(t) is fed to the BPSK modulator 
operating at a carrier frequency fc, and the transmitted sig¬ 
nal is denoted by x(t). 



FIGURE 1. DSSS TRANSMITTER 


A text book conceptual block diagram of a DSSS receiver Is 
depicted In Figure 2. Note that PRISM Is architected to 
perform the despreading function at baseband (HSP3824) 
rather than at RF as shown on Figure 2. This example is 
used for Illustration of the concept and not to reflect the 
actual PRISM implementation. 

The received signal for this text book example is the 
combination of the transmitted spread spectrum signal and a 
narrow band jammer xj(t). The locally generated despread¬ 
ing sequence is denoted by c’(t), and should be equal to c(t). 
The despread signal is then band pass filtered before data 
demodulation and d’(t) should be equal to d(t). 


X(t) + Xj (t) 



FIGURE 2. DSSS RECEIVER 


PRISM™ and the PRISM™ logo are trademarks of Harris Corporation. 

Copyright © Harris Corporation 1996 
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PG Benefits 


The primary benefit of processing gain is its contribution 
towards jamming resistance to the DSSS signal. The PN 
code spreads the transmitted signal in bandwidth and it 
makes it less susceptible to narrowband interference within 
the spread BW. The receiver of a DSSS system can be 
viewed as unspreading the intended signal and at the same 
time spreading the interfering waveform. This operation is 
best illustrated on Figure 3. 

Figure 3 depicts the power spectral density (psd) functions 
of the signals at the receiver input, the despread signal, the 
bandpass filter power transfer function, and the band pass 
filter output. Figure 3 graphically describes the effect of the 
processing gain on a jammer. The jammer is narrow, and 
has a highly peaked psd, while the psd of the DSSS is wide 
and low. The despreading operation spreads the jammer 
power psd and lowers its peak, and the BPF output shows 
the effect on the signal to jammer ratio. 

If for example, BPSK modulation is used and an Eb/No of 
lets say 14dB is required to achieve a certain BER 
performance, when this waveform is spread with a process¬ 
ing gain of 10dB then the receiver can still achieve its 
required performance with the signal having a 4dB power 
advantage over the interference. This is derived from the 
14dB required minus the 10dB of PG. 

The higher the processing gain of the DSSS waveform the 
more the resistance to interference of the DSSS signal. 


The classical definition of processing gain is the 10 Log 
number [rQ/rB] In dB. By this definition a system that has a 
data rate of 1MBPS and a chip rate (rate of PN code) of 
1MCPS will have a PG of 10.41dB. Using the PRISM chip 
set each data bit is x-ored with an 11 bit sequence for this 
particular example. The processing gain can be then viewed 
as the 10Log[11]dB where 11 is the length of the PN code. If 
a code with a length of 16 bits is to be used then the pro¬ 
cessing gain is equivalent to 10 Log[16] dB or 12.04dB. 

To this end these PN signals must posses certain mathemat¬ 
ical properties to be useful as part of a DSSS system. 
Primarily the PN codes that are useful must have very good 
autocorrelation and crosscorrelation properties as well as 
maintaining some randomness properties. 

The DSSS receiver Is utilizing a reference PN sequence 
which is a replica to the transmitted sequence and when it 
detects correlation between the reference and the incoming 
sequences it declares initial acquisition and it establishes 
initial symbol timing. Any partial correlations can result to 
false acquisitions and degradation to the receiver 
performance. This Is why the PN code must have good 
correlation properties. Some of the PN code classes with 
such properties are described next. 

This paper highlights the Barker codes, Willard codes and 
m-sequences with 7 and 15 chips per period which are 
implementable using the HSP3824. 


Sx(f) + Sj(f) 


^ JAMMER PSD 


SPREAD SPECTRUM 
SIGNAL PSD 


DESPREAD 

^SIGNAL 


DESPREAD 

^JAMMER 


FIGURE 3A. PSD OF SPREAD SPECTRUM SIGNAL AND NAR¬ 
ROWBAND JAMMER 


FIGURE 3B. PSD OF DESPREAD SIGNAL AND JAMMER 




FIGURE 3C. POWER TRANSFER FUNCTION OF BPF 


FIGURE 3D. PSD OF BPF OUTPUT 


FIGURE 3. PROCESSING GAIN EFFECT ON NARROW BAND JAMMING 
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PN Codes 

PN codes with the mathematical properties required for 
implementation of a DSSS radio are; 

Maximum Length Sequences 

Maximum length sequences (m-sequences), are PN 
sequences that repeat every 2"-1, where n is an Integer, 
they are implemented by shift registers and Exclusive Or 
gates, they are governed by primitive polynomials, and pos¬ 
sess good randomness properties including a two-valued 
autocorrelation function [3]. 

For example the 7 chip PN sequence is governed by the 
primitive polynomial generator 

C7(x) = 1 + x^ + X® 

and the output chips are given by: 

0010111 0010111 0010111 001 01 1 10 ... 

Figure 4 depicts the d(t), c(t) with the above m-sequence, 
and with q(t) the x-or of 6(\) and (ct). 



Barker Codes 

Barker Codes are short unique codes that exhibit very good 
correlation properties. These short codes with N bits, with 
N=3 to 13, are very well suited for DSSS applications and 
can all be generated by the HSP3824. A list of Barker Codes 
is tabulated in Table 1. 

Willard Codes 

Willard Codes, found by computer simulation and optimiza¬ 
tion, and under certain conditions, offer better performance 
than Barker Codes. They can all be generated by the 
HSP3824, as was done for the Barker Codes. A list of 
Willard Codes is provided in Table 1. 

The inverted or bit reversed versions of the codes listed on 
Table 1 can be used since they still maintain the desired 
autocorrelation properties. 

TABLE 1. BARKER AND WILLARD CODES 


BARKER 

SEQUENCES 

110 

moorlioi 

11101 

1110010 

11100010010 

1111100110101 


WILLARD 

SEQUENCES 

110 

1100 

11010 

1110100 

11101101000 

1111100101000 


Configuring the HSP3824 to 
Implement Various PN Codes 


q(f) I-1—1—1-1-l_l_l-, 

FIGURE 4. TIME DOMAIN SIGNALS WITH PG = 7 

Figure 5 depicts the 7 chip sequence and its autocorrelation 
function. Note that the autocorrelation also repeats every 7 
chips, or once per bit of the actual data if each of the data 
bits is spread by the entire sequence. 

As another example, the 15 chip PN sequence is governed 
by the primitive polynomial generator 

Cis(x) = 1 + X® + X* 
and the output chips are given by: 
000100110101111 000100110101111 
0001001 101 01 1 1 1 ... 



FIGURE 5. SEVEN CHIP M-SEQUENCE AND ITS AUTOCOR¬ 
RELATION FUNCTION 


The HSP3824 is the baseband processor of the PRISM 
chipset and It generates the PN sequence. The device is 
programmable to any desirable sequence of up to 16 bits. 

PN Generator Description 

The spread function for the radio is the same sequence and 
Is applied to every symbol as BPSK modulation. PN genera¬ 
tion is performed by parallel loading the sequence from a 
configuration register (CR) within the HSP3824 and serially 
shifting it out to the modulator. 

PN Generator Programmable Registers 

A maximum of 16 bits can be programmed into the configu¬ 
ration register. Registers CR13 and CRM contain the high 
and low bytes of the sequence for the transmitter. The 
corresponding registers for the receiver are CR20 & CR21. 
Bits 5 & 6 of CR3 set the sequence length in chips per bit. 
The sequence is transmitted MSB first. When fewer than 16 
bits are in the sequence, the MSBs are truncated. 

PN Correlator Description 

The PN correlator is designed to handle BPSK spreading. 
Since the spreading is BPSK, the correlator is implemented 
with two real correlators, one for the I and one for the Q 
channel. It has programmable registers to hold the 
spreading sequence and the sequence length for both the 
receiver and the transmitter. This allows a full duplex link 
with different spreading parameters for each direction. 

The correlators are time invariant matched filters othen/vise 
known as parallel correlators. 
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Introduction 

11 The new communications 

mtUlKSiJUtfnJ j standard for wireless local 

networks, IEEE 802.11, uses 
spread spectrum and packet 
radio techniques and these are features which are not com¬ 
mon knowledge. The first term, spread spectrum, indicates a 
radio frequency modulation technique where the radio 
energy is spread over a much wider bandwidth than needed 
for the data rate. We do this to get some benefits that are not 
readily apparent. The easiest spread spectrum technique to 
explain is frequency hop (FH). In this technique, the channel 
being used is rapidly changed in a pseudo random pattern 
so that the communications appears to occupy a wide 
bandwidth over time. See Figure 1. This spreads the energy 
out so that the average power in any narrow part of the band 
is minimized. Of course, the transmitting and receiving 
radios need to synchronize their hopping patterns so that 
they hop together. 

As an example, 802.11 specifies that we use the ISM band 
at 2.4GHz. The ISM band is 83MHz wide and has been 
subdivided into 1 MHz channels for the FH specification. The 
FCC insists that any spread spectrum FH radio operating in 
this band must visit at least 79 of the channels at least once 
every 30 seconds. This works out to a minimum hop rate of 
2.5 hops per second. 


The next form of spread spectrum is called Direct Spread 
(DS) and this is the other form of spread spectrum allowed by 
the FCC in this band. With DS, the data is mixed (XOR) with a 
high rate pseudo random sequence before being PSK 
modulated onto the RF carrier. This high rate sequence can 
be many orders of magnitude higher in rate than the data. In 
the ISM band, it is limited to not less than a 10:1 spreading 
ratio. This high rate phase modulation spreads the spectrum 
out while dropping the power spectral density. This means 
that this kind of signal will interfere less with narrow band 
users. It also has some Interference immunity to those narrow 
band emitters. The receiver processing of DS signals begins 
with despreading the signals. This is done by mixing the 
spread signal with the same PN sequence that was used for 
spreading. See Figure 2A. This collapses the desired signal to 
its original bandwidth and form. It meanwhile spreads all other 
signals that don’t correlate with the spreading signal. Thus a 
narrowband interference will get spread in this operation and 
will not fit through the narrow data filter. See Figure 2B. When 
the signal energy is collapsed to the data bandwidth, its power 
spectral density is increased by the amount of the processing 
gain which is proportional to the bandwidth reduction. Thus a 
signal that was received at or below the noise floor, is now 
above the noise and can be demodulated. 



FIGURE 1. FH SPREAD SPECTRUM 


PRISM™ and the PRISM™ logo are trademarks of Harris Corporation. 
Copyright ©Harris Corporation 1996 
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FIGURE 2A. LOW POWER DENSITY 
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RECEIVER 



FIGURE 2C. MULTIPLE ACCESS 

FIGURE 2. DIRECT SEQUENCE SPREAD SPECTRUM PROPERTIES 


Finally, DS spread spectrum can allow more than one user 
to occupy the same channel through a feature called multiple 
access. Each DS receiver collapses only correlated signals 
to the data bandwidth. Other, non correlated signals will 
remain spread in this step. When the desired signal is 
filtered to the signal bandwidth, only a small fraction of the 
undesIred signal remains. See Figure 2C. 

The term packet radio or packet communications is common 
where the communications medium Is not well controlled. 
There are numerous reasons why a radio communications 
link may be interrupted, such as the microwave oven. [1] The 
microwave oven radiates in the middle of the ISM band with 
a 50% duty cycle and a pulse rate locked to the power line. 
Thus it is off for Sms every 16ms. These off periods allow the 
transmission of bursts (or packets) of 1000 bytes at a time. 
Frequency hopping also means that the radio communica¬ 
tions is interrupted every 400ms while the sending and 


receiving radios are retuned. The breaking up of a large 
block of data into small “packets” is a common technique in 
communications to insure that error free communications 
can take place even with interruptions. [2] If the medium is 
corrupted intermittently, a large block of data will never make 
it through without errors. In the packet technique this block is 
broken into small packets that each have some error detec¬ 
tion bits added. Then, if an error Is detected, a 
retransmission of the small packet that was corrupted will not 
unduly burden the network. This packet communications 
technique has short control packets that check to see if the 
medium is clear, the other end is ready to receive and, to 
request a retransmission If a packet did not get through 
correctly. See Figure 3. All of this requires some overhead 
expense that reduces the net system throughput. Packet 
length can be optimized to minimize overhead while insuring 
the greatest throughput with data integrity. 


CONTINUOUS DATA 


PACKETIZED DATA 


ACQ —'// DATA 



- HEADER CRC 


FIGURES. PACKET TRANSMISSION 
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When continuous data is packetized, the instantaneous rate 
must increase since the time allowed for data transmission is 
reduced. This allows time for the packet protocol 
interchange, packet headers and other overhead. Packet 
communications can be used with various access protocols 
such as carrier sense multiple access (CSMA) or time 
division multiple access (TDMA). CSMA allows asynchro¬ 
nous communications, but requires each communicator to 
first establish that the medium is not busy. It then establishes 
the link with an interchange consisting of a request to send 
(RTS), followed by a clear to send (CTS), the data packet 
and acknowledgment or not (ACK/NAK). TDM A allows 
synchronous communications where each user is allocated 
a time slot to communicate In. The network overhead in this 
scheme is in the wasted time when some users have nothing 
to send and In the packets from the controller necessary to 
allocate the time slots. 

The combination of spread spectrum and packet communi¬ 
cations for the 802.11 wireless local area networks allows 
robust communications in a crowded and noisy band. 


References 

[1] The 2.4GHz ISM band has been called the Junk band 
because It is already contaminated by oven emissions. 
Years ago, 2.43GHz was allocated to the microwave 
oven and it was felt that no one else would ever want to 
co-occupy this band. As pressure to allocate more 
spectrum to communications was felt, the FCC set up 
rules for unlicensed Instrumentation, Scientific and 
Medical (ISM) operation in this "worthless” band. 

[2] Remember the days of typewriters where typing a whole 
page without error was a trying experience. The first 
word processor that allowed you to look over and 
correct each sentence before committing it to paper 
was a real breakthrough. 
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Using the PRISM™ Chip Set for Timing Measurements (Ranging) 

Authors: Carl Andren and Perry Frogge 


vNtm Many applications use the 
properties of Direct Sequence 
I I Spread Spectrum to establish 
I accurate timing which is useful 
for ranging and time dissemina¬ 
tion. DS receivers use a wide 
bandwidth and correlation techniques to measure the time of 
arrival of signals to a high degree of accuracy. While the 
PRISM™ chip set was not designed specifically for this, it 
does, however, have all the required assets to do medium 
accuracy time of arrival measurements. 

it is quite simple to use the PRISM™ radio for accurate 
timing measurements. All of the timing Information is 
available from the HSP3824 Baseband Processor. At the 
sending end, the asynchronous rising edge of TX_PE will 
reset the counter of the internal transmit state machine 
which will output the header and data a fixed amount later. 
This is timed to within one MCLK (22MHz), so there is an 
ambiguity of 0.5 MCLK (45ns) in this time. Additionally, the 
setup to hold time of TX_PE to MCLK is not specified In the 
data sheet. This can, however, be included in the calibration 
measurements. Thus, all you have know is the offset 
between MCLK and the source timing to get even better 
resolution. This offset can be sent In the data portion of the 
message. The length of the preamble and header is fixed 
(128 + 64 = 192), so the start of data is at a fixed offset 
in bits. 


On the receive side, MD_RDY is output after the CRC-16 
check. Thus it Indicates the precise time the first bit of the 
data part of the message Is received. This is, of course, 192 
bits after the arrival of the first bit of the packet. The 
MD_RDY offset from MCLK also needs to be taken Into 
account to resolve the overall offset between the correlation 
and the signal timing to within a fraction of MCLK. On the 
data sheet, this is listed as tps which has a maximum value 
of 25ns. 

The accuracy the receiver is going to get in capturing the 
asynchronous correlation peak in the header is ±0.25 MCLK 
or about 11ns. To improve on this, more heroic processing 
can be attempted. Over the length of the message, the tim¬ 
ing can be refined further by averaging, as long as there is 
an offset between the RX and TX clocks. That is, the timing 
will slowly drift and be reset, allowing the external system to 
judge when in the process the timing was at the peak. Since 
this occurs half way between resets, it is not too hard to find. 
Thus, the ultimate receive time accuracy is probably about 
0.1 MCLK or 5ns. This ultimate accuracy will take some 
extra computation to achieve. 

To the time of arrival measurement you need to add the 
propagation delay of -Ins per foot, delays in the RF and IF 
filters and in other devices in the path. The propagation 
delay could be longer if a multipath signal is the one chosen 
by the receiver due to the direct path being blocked. 


IJUir 


uifir 


PROPAGATION DELAY 


LTUir 


iJuir 


RECEIVED PACKET 


PRISM™ and the PRISM™ logo are trademarks of Harris Corporation, 
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In using this capability, the designer will need to take 
accurate measurements to calibrate the delays encountered 
in the PRISM^'^ hardware. Since the baseband processor is 
a state machine, its delays will be fixed offsets from the 
MCLK with minor variations over temperature and 
production tolerances. 

Figure 1 shows some of the elements of the delay. The scale 
is not accurate; specifically, the clock rate is grossly under 
represented for clarity. 

The total delay from initiation to response is as follows: 

To = + ba + hx + t|F + 'rF + 192ps + tpROPAGATION + 

+ t|F + ^Rx + ^MCLK + bs 
Where: 

Td = total delay (TX_PE to MD.RDY) 

tj.^ = delay from TX_PE to next rising edge of MCLK 

tD 2 = MCLK to TXCLK delay 

tjx = delay through the transmit state machine to IF 


t|p = IF filter and amplifier delays 

tpp = RF filter and amplifier delays 

192ps = length of preamble and header 

Propagation = propagation loss due to speed of light (about 
Ins per foot) 

tpF = RF filter and amplifier delays 

t|F = IF filter and amplifier delays 

tRx = delay through the receive processing from IF 

t^cLK = accuracy of tracking the actual received timing to the 
local MCLK 

tD 3 = MCLK to MD_RDY delay 

All processing operations are timed by the transmit and 
receive MCLKs (22MHz) which can be also slaved to or 
shared with the source’s and sink’s clocks. If 802.11 compli¬ 
ant operation is not needed the MCLK can be other than 
22MHz to allow sharing with the application. 
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Features 


• Modulation Formats: BPSK, QPSK, SQPSK, 8-PSK, 
FM, FSK 

• Symbol Rates: To 22.5 MSPS (4 Samples/Symbol) 

• Programmable: Reconfigurable to Data Rate, Modula¬ 
tion Format, and Order/Type of Tracking Loop 

• Digital: Repeatable Performance Over Temperature 
and Time 

• High Performance Reception: Bit Error Rate 
Approaches Less Than 0.5dB From Theory 


TABLE 1. HARRIS DSP PRODUCTS FOR HIGH RATE DIGITAL 
RADIO RECEIVERS 


FUNCTIONAL BLOCK 


140MHz Quadrature Output 
6-Bit A/D Converter 
(8-Bit A/D Converter) 

Decimating Filter 
Digital DownConverter 

Matched Filter 

Carrier & Symbol Tracking 
Loops 

AGC Loop Filter 


HARRIS PART 

Analog Discrete 

HI3086JCQ, 

CXA3086Q 

(HI3026JCQ, HI3026AJCQ) 
HSP43216 Halfband Filter 

HSP50110 Digital Quadrature 
Tuner 

HSP43168 Dual FIR Filter 
HSP50210 Digital Costas Loop 


I Analog Discrete 


GAIN COMPENSATED IF 


DIGITIZED IF WITH 


I ANTI 
RF _J ALIAS 
INPUT FILTER 


DECIMATED IF 


45MHz 



FILTERED, | | 22.5MHz (SYMBOL RATE) 


SOF BASEBAND 

OUTPUT 

^ (SYMBOL RATE) 


FIGURE 1. BLOCK DIAGRAM OF A HIGH RATE DIGITAL RADIO RECEIVER 


Copyright © Harris Corporation 1997 
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Introduction 

The present HSP50110/210EVAL board provides capabilities 
for evaluating received modulated signals with symbol rates 
up to 2.5 MSPS. This high end limit on symbol rate is based 
on 20 samples per symbol. Many applications do not require 
such a large number of samples per symbol, and can still use 
the HSP50110/210EVAL evaluation board to breadboard and 
test these applications. Two limitations come into play as 
higher rates are implemented with this evaluation board: 

1. The Serial FIR Filter maximum clock rate is (45MHz/10 
bits) = 4.5MHz. 

2. The transport delay, or propagation delay in the loop 
causing loop instability for input rates above 4.5MHz. 

It is these limitations that prompts the presentation of a high 
symbol rate receiver implementation using the HSP50110 Digi¬ 
tal Quadrature Tuner (DQT) and HSP50210 Digital Costas 
Loop (DCL) chip set. Figure 1. Illustrates a high rate receiver 
configuration using the DQT and DCL demod parts. This imple¬ 
mentation will be offered as the design solution, after the design 
considerations and trades have been presented. 

High Rate Design Concerns 

The primary limitations on a high speed design are the max¬ 
imum operating speed of the digital parts and the bandwidth 
and resolution on the A/D converter. These key parameters 
are listed for the parts that will be configured for our high rate 


receiver design. 

Maximum Clock Speed of HSP43216:.52MHz 

Maximum Clock Speed of HSP50110:. 52MHz 

Maximum Clock Speed of HSP43168:. 45MHz 

Maximum Quadrature A/D 

Conversion Speed:. 140 MSPS with 6 Bits 

120 MSPS with 8 Bits 

Minimum Number Samples 

per Symbol. 4 Samples/Symbol 


Selecting An A/D Converter 

The design begins with selecting a high speed, wide band¬ 
width, high resolution D/A converter. Devices exist that out¬ 
put dual demultiplexed data samples at half the sample rate. 
This relaxes the maximum clock rate of the following devices 
by 2. Such a device is the HI3086JCQ Harris A/D. It is a 6-bit 
140 MSPS Flash A/D Converter with quadrature output sam¬ 
ples. (The HI3026 A/D, an 8-blt 120 MSPS device with dual 
demultiplexed output is also a design candidate.) Subse¬ 
quent DSP parts could operate up to a 70MHz maximum 
clock rate if the H13086 is used. 

Selecting The DSP Sample Rate 

The Clock Rate Criterion 

Selecting 4 samples per symbol yields the desired band¬ 
width. This sets the rate at which the HSP50110 Digital 
Quadrature Tuner will output symbol data. We can construct 
a DSP processing chain from this baseline symbol rate. The 
clock rate of the IF signal into the HSP50110 Digital Quadra¬ 


ture Tuner is set to be four times the symbol rate. By using 
an HSP43216 Halfband Filter In the Downconvert and Deci¬ 
mate mode (INT/EXT# = 0), the dual channel demultiplexed 
sampled data from the A/D can be input at four times the 
symbol rate. By noting that the A/D outputs 2 synchronous 
samples at half the A/D sample clock rate, the A/D sample 
rate is effectively four times the symbol rate. 

The Re-Sampler in the DQT eliminates the need for the 
sample clock and the symbol rate to be exact integer related. 
(An even integer is used as an example for clarity and to 
yield a “ball park” solution for applications with non integer 
relationships.) Note that an external NCQ is used to drive the 
A/D clock port. This minimizes the clocking jitter in the sys¬ 
tem. Use of the DQT Re-Sample NCQ In addition to a sepa¬ 
rate clock generator for the A/D and halfband will inherently 
have more jitter than the configuration shown. The DQT is 
used in the complex input mode. 

Determining the DSP System Limiting Rate 

The next limiting clock DSP element is the Halfband Filter 
which has a maximum clock rate at 52MHz. The rate through 
this decimating filter part can be optimized by using It in the 
Downconvert and Decimate Mode (INT/EXT# = 0). This allows 
dual (demultiplexed) inputs at the maximum clock rate. This 
sets the maximum system sustainable clock rate at the output 
of the A/D converter at 52MHz per data stream. The maximum 
system sustainable A/D input sample clock becomes twice the 
A/D output clock, or 104MHz. The decimate by two HalfBand 
filter output becomes a quadrature data stream at 52MHz and 
the symbol rate is one half of this, or 26MHz (2 samples on 1,2 
samples on Q = 4 samples per symbol). 

System Design Considerations 

Frequency Domain Considerations for the A/D Sample 
Rate 

Determining the appropriate A/D sample rate, requires more 
than just consideration of the clocking criterion of the DSP 
parts. The frequency plan of the receive system must com¬ 
pliment the digitizing hardware and not produce alias com¬ 
ponents that will Impede the ability to recover the signal of 
interest. Thus it is equally important that the sample rate be 
selected in a location relative to the IF signal, in a way that 
will not cause alias signals to fall in band. Many applications 
use undersampling techniques to recover signals from IF 
carriers by locating a harmonic of the sample frequency at a 
strategic distance from the IF signal. An alias of the high fre¬ 
quency IF carrier Is then processed by the DSP hardware. 

Figure 2A and 2B illustrate two examples of how a 90MHz A/D 
sample clock can be used to downconvert and process modu¬ 
lated IF signals. Figure 2A shows an oversampled 20MHz IF, 
while Figure 2B shows an undersampled 160MHz IF. 

Figure 3 illustrates the spectral development at several 
points in the data path in the block diagram, from IF input to 
baseband output. The example has fs = Fs/2 (Decimate by 
2) in the HBF and Fs” = FsV8 (Decimate by 8) in the DCL. 
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INPUT 
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FIGURE 2A. OVERSAMPLED 20MHz IF INPUT SPECTRAL PLOTS 
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FIGURE 2B. UNDERSAMPLED 120MHz IF INPUT SPECTRAL PLOTS 


Additionally it is insufficient to just consider the signals of inter¬ 
est. Those signals that fall in the band of the A/D converter, 
must be removed by any anti-aliasing filters ahead of the A/D 
converter. These in band signals; if not filtered out, will also 
alias around the clock frequency and may appear directly on 
top of the signal of interest. In example B of Figure 2, a 
70MHz signal will interfere in such a way. The anti alias filter 
should be designed to attenuate the undesired signals to the 
point that it prevents such signal degradation. Note that an 
important system trade is the implementation of the anti-alias 
filter and the selection of the A/D clock frequency. 
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FIGURE 3. HIGH RATE RECEIVER SPECTRAL DEVELOPMENT 
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Matched Baseband Filter Requirements 

The final receiver design consideration is the construction of 
a matched baseband filter for the received signal. The 
DQT/DCL chipset offers two filters integral to the chip: 1) 
Integrate and Dump and 2) Square Root of Raised Cosine a 
= 0.4. If one of these filters meets your system performance 
requirements, then no further design is required. 

If your application requires a different filter, the HSP43168 or 
the HSP43124 can be Inserted between the DOT and the 
DCL. The serial I/O filter (HSP43124) is limited to CLK = 
(45MHz/bit width). The Dual FIR filter (HSP43168) is limited 
to CLK = 45MHz. These parts may become the limiting fac¬ 
tor for the maximum clock speed. This translates to an A/D 
sample rate at 90MHz, an A/D dual demultiplexed data out¬ 
put rate of 45MHz, a Halfband Filter dual data Output Rate 
of 45MHz, and a symbol rate of 22.5MHz. In general, filter¬ 
ing requirements may demand that greater than eight taps 
be used in the filter, and two HSP43168 chips may be 
required (one for I, one for Q) for adequate shaping. 


Summary 

Figure 1 outlines the implementation of the high symbol rate 
receiver. The solution assumes the need for an application 
specific matched filter, limiting the symbol rate to 22.5MHz. 
Key elements of the design are: the anti-alias filter, the 
quadrature output A/D converter, the dual input decimating 
Haifband Filter, the Digital Quadrature Tuner and the Digital 
Costas loop. The design uses the level detection feature of 
the HSP50110 to drive a Voltage Controlled Attenuator to 
keep the level at the converter input at an optimum value. 

For information relative to setting the Internal PLL parame¬ 
ters in the DQT/DCL chipset, refer to the HSP50110/210 
EVAL Users Manual. 
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Introduction 

Every HSP50110/21OEVAL evaluation kit contains a floppy disk 
labeled DEMOD CHIPSET EVALUATION SOFTWARE. This 
disk contains the DEMODEVB.EXE file and other software nec¬ 
essary to configure and operate the evaluation card which is 
provided in the demod chipset kit. This kit provides ail the soft¬ 
ware required for the configuration, operation and evaluation of 
the HSP50110 Digital Quadrature Tuner (DOT) and HSP50210 
Digital Costas Loop (DCL).Additional software is provided to 
demonstrate the various filtering features of the evaluation 
board. The software provided In the kit ensures that a user can 
quickly set up the evaluation board, configure it, and output 
data for test evaluation. This Evaluation Kit will leave the user 
confident that these parts can be easily ported into an applica¬ 
tion specific design. Four directories (folders) are provided to 
assist in familiarizing the evaluator with key features of the 
chipset. These four directories are labeled “examples”, “filters”, 
“schemaf and “serinade” are provided for this purpose. 

The ^‘EXAMPLES” Folder 

The first directory is filled with example configuration fiies which 
have been tested and proven to provide BER performance that 
is better than IdB from theory. It is the use of these example 
configuration fiies that is the focus of this appiication note. 
This application note will detail the location, use and application 
of the example configuration files. The quickest way to config¬ 
ure the evaluation board for your appiication, is to find a config¬ 
uration file that most closely matches your symbol rate, and 
load that file. The file can then be edited to change any of the 
parameters (such as IF frequency, Filtering, etc.) as needed. 

Figures 1A and IB detail the test Hardware configurations 
used to verify the BER performance of each configuration file. 
A study of these figures reveals that Figure 1A utilizes a 
70MHz IF, while Figure IB utilizes a 5MHz IF. These are the 
only two IF frequencies that will be found in the example files. 

The “FILTERS^’Folder 

This folder contains example FIR filter configuration files. 
These files have been created with SERINADE, a software 
package developed for Harris Semiconductor to assist in the 
design of digital filters of the type found on the evaluation 
board. This application note will provide information on the 
description, and use of these filter files. 


The ‘^SCHEMAT^ Folder 

This folder contains the schematic of the evaluation board, 
as captured using the ORCAD application. The files are pro¬ 
vided for design re-use and should help shorten the critical 
“Time to Market” development time. These schematics, 
which were used to generate the evaluation board, are 
offered for use in designs, it is the user’s responsibility to 
secure the proper ORCAD revision and any ORCAD techni¬ 
cal assistance In porting, opening and editing these sche¬ 
matics. 

The ‘‘SERINADE” Folder 

This folder contains the latest version of the SERINADE soft¬ 
ware. This software will assist In any application specific FIR 
filter design. The “filters” folder contains examples of filters 
already designed using this software, and should be used to 
verify results until the user is proficient with the application. 
All SERINADE generated filters are readily ported Into a for¬ 
mat that the HSP50110/21 OEVAL kit can import. 

it is highly recommended that the distribution disk provided 
in the evaluation kit be backed up prior to use. Obtain a print¬ 
out of the files In the “EXAMPLES” and “FILTERS” and use It 
to maintain a fully functional software package. 

The “EXAMPLE” Configuration Files 

The example configuration fiies included on the distribution 
disk are labeled according to the key shown below and in 
Appendix H of the User’s Manual. The first field is an alpha¬ 
numeric digit which indicates the modulation type. Options 
are: B for BPSK, Q for QPSK, and E for 8PSK. In the future F 
will be used to denote FSK, while M will denote MSK. 

b 1544 rrc.cfg 

L 

•— Filter Type 

-Symbol Rate (NOT DATA RATE!) 

-Modulation Format 

The second field is numeric and represents the symbol, or 
baud rate of the signal, expressed in KHz. The symbol rate 
numeric field utilizes a “p” to represent a decimal point. For 
example, a data rate of 1200bps is represented as 1p2. Sim¬ 
ilarly 9600bps is expressed as 9p6. 


Copyright © Harris Corporation 1997 
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FIGURE 1 A. 70MHz IF TEST CONFIGURATION 


TRANSMIT 5MHz T.P. 


HSP-EVAL 
HSP45116DB 
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1 CLK 
DATA 
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CLK 
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WITH INTERNAL 
SIGNAL SUMMER 
AND 

ATTENUATORS 


AVANTEK 

AMPLIFIER 

AV-IT 


BPF 

DE-70>5P-B 



FIGURE IB. 5MHz TEST CONFIGURATION 


Care must be taken not to confuse symbol rate with data rate. 
Recall that for BPSK, data rate and symbol rate are identical. 
For QPSK, however, the symbol rate is 1/2 the data rate, 
because two bits of data are used to form a symbol. For 8PSK 


in-phase and quadrature components. Two data bits will 
determine in which of four phase states the carrier will be 
placed: 0°, 90°, 180°, or 270°. This phase shift is accom¬ 
plished using the I (in-phase) and (Q) quadrature orthogonal 


the symbol rate is 1/3 the data rate, because three bits of data vectors as shown in Figure 4. Figure 5 illustrates the data and 


are used to form a symbol. Figure 2 details how a typical 
QPSK modulator is implemented, while Figure 3 illustrates the 
data to quadrature symbol relationship for QPSK for both the 


symbol relationship for 8PSK, while Figure 6 shows the possi¬ 
ble carrier vectors created for a symbol. 
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FIGURE 2. TYPICAL QPSK MODULATOR 
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FIGURE 3. DATA TO SYMBOL RELATIONSHIP FOR QPSK 


FIGURE 4. VECTOR REPRESENTATIONS OF THE QPSK SYMBOLS CREATED FROM TWO DATA BITS 
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FIGURE 5. DATA TO SYMBOL RELATIONSHIPS FOR 8PSK MODULATION 
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FILTERED TAP 

FIGURE 7. COEFICIENTS FOR THE SQUARE ROOT OF RAISED COSINE a = 0.4 FILTER 
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FIGURE 8. COEFFICIENTS FOR THE b128flr.cfg CONFIGURATION FILE FILTER: rrc4a4x.lmp 
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The final fie|^ of the file name ie the filter type. The options are When using the “flr^ filter configuration, the FIR filter coefficient 
RRC for Square Rpot of Raised Cosine a = 0.4 filtering (for file that is used can be changed. Rgure 8 illustrates that the Data 

bandlimited applications), l&D for Integrate and Dump filtering Path/Modulation Menu Item (14) must be selected and changed 

(for unfiltered data applications), and FIR filtering (for creating from “0” (Bypassed) to “1” (enabled). After selecting “1”, the user 

application specific onboard serial FIR filters). Figure 7 details is prompted for the file name of the filter. The software will auto- 

thecoefficientsof theRRCCosinea = 0.4filter. The FIRselec- matically append a “.rpf suffix to the file name. Indicating a 
tion implies that the DCL RCC and l&D filters are bypassed. In SERINADE generated file, so do not enter a suffix with your file 

this case the file represents the coefficients for the FIR filter, name. A number of example FIR filter files have been included 

Figure 8 details the coefficients for the FIR filter in example con- on the distribution disk in the kit under the FILTERS directory, for 
figuration file. Table 1 lists the configuration files provided as the evaluation of a variety of Square Root of Raised Cosine fil- 

examples with the EVAL kit and details the modulation format, ters. The files with the suffix are files ready to Import Into 

data rate and filtering associated with each file. SERINADE The SERINADE FIR filter design software is 

included on the evaluation kit distribution disk, allowing the user 
to create files for specific applications. The files with the “.ipf 
and \8eF suffixes are generated by SERINADE. The 
HSP50110/21OEVAL software uses the files with the “./pf suffix. 
Table 2 defines the available FIR filter coefficient files. 

HSP50110/210 Evaluation Board Software 

DATA PATH/MODULATION MENU 

Current File Name.\B128RRC 


(1) Master Clock Freq...40000000Hz 

(2) input Sample Rate. 40000000Hz 

(3) Input Mode.Gated 

(4) DOT Input Samples.Real 

(5) DOT Input Format.Offset Bln 

(6) L.O. Center Freq.+5000000 Hz 

(7) Data Modulation.BPSK 

(8) Baud Rate. 128000Hz 

(9) DOT Output Rate. 256000Hz . 

(10) I.F. NBW. 750000Hz . 

(11) DOT Filter..CIC w/Comp 

(12) DCL RRC Filter.Enabled 

(13) DCL l&D.Bypassed 

(14) HSP43124 ...Bypassed 

(15) Es/No (min)...+0dB 

(16) Es/No (max....+100dB 

(17) Es/No (design).+6dB 

(18) A/D backoff (min.).12dB 

(19) A/D backoff (max.).18dB 

(20) DCL Output Vector.-6dBFS 

(21) DOT Output Level.-12dBFS 

(22) DCL Detect. Level.-12dBFS 

(23) Slicer Threshold. 0.25 

(24) DOT AGC Slew Rate. 30dB/sec 

(25) DCL AGC Slew Rate.lOdB/sec 

(26) AGC Limits.FULL RANGE 

(27) Output Mux Control ..7 

(0) MAIN MENU 


ENTER SELECTION: (14) 

FIGURE 9. DATA PATH/MODULATiON MENU ITEM (14) IS USED TO SELECT THE ONBOARD SERIAL FIR FILTERS 
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TABLE 1. EXAMPLE CONFIGURATION FILE DEFINITIONS 


NO. 

FILE NAME 

MODULATION 

FORMAT 

SYMBOL RATE 
(KSps) 

DATA RATE 
(KBps) 

FILTER TYPE 

1 

b1024rrc.cfg 

BPSK 

1024 

1024 

Square Root of Raised Cosine 

2 

b128fir.cfg 

BPSK 

128 

128 

Serial FIR 

3 

b128i&d.cfg 

BPSK 

128 

128 

Integrate and Dump 

4 

b128rrc.cfg 

BPSK 

128 

128 

Square Root of Raised Cosine 

5 

b19p2i&d.cfg 

BPSK 

19.2 

19.2 

Integrate and Dump 

6 

b1p23i&d.cfg 

BPSK 

1.23 

1.23 

Integrate and Dump 

7 

b1p2i&d.cfg 

BPSK 

1.2 

1.2 

Integrate and Dump 

8 

b256rrc.cfg 

BPSK 

256 

256 

Square Root of Raised Cosine 

9 

b2.4i&d.cfg 

BPSK 

cvi 

2.4 

Integrate and Dump 

10 

b32i&d.cfg 

BPSK 

32 

32 

Integrate and Dump 

11 

b32rrc.cfg 

BPSK 

32 

32 

Square Root of Raised Cosine 

12 

b4p8i&d.cfg 

BPSK 

4.8 

4.8 

Integrate and Dump 

13 

b512rrc.cfg 

BPSK 

512 

512 

Square Root of Raised Cosine 

14 

b64i&d.cfg 

BPSK 

64 

64 

Integrate and Dump 

15 

b64rrc.cfg 

BPSK 

64 

64 

Square Root of Raised Cosine 

16 

b9p6i&d.cfg 

BPSK 

9.6 

9.6 

Integrate and Dump 

17 

q1024rrc.cfg 

QPSK 

1024 

2048 

Square Root of Raised Cosine 

18 

q128i&d.cfg 

QPSK 

128 

256 

integrate and Dump 

19 

q128rrc.cfg 

QPSK 

128 

256 

Square Root of Raised Cosine 

20 

q1544rrc.cfg 

QPSK 

1544 

3088 

Square Root of Raised Cosine 

21 

q2048rrc.cfg 

QPSK 

2048 

4096 

Square Root of Raised Cosine 

22 

q256rrc.cfg 

QPSK 

256 

512 

Square Root of Raised Cosine 

23 

q32i&d.cfg 

QPSK 

32 

64 

Integrate and Dump 

24 

q32rrc.cfg 

QPSK 

32 

64 

Square Root of Raised Cosine 

25 

q512rrc.cfg 

QPSK 

512 

1024 

Square Root of Raised Cosine 

26 

q64i&d.cfg 

QPSK 

64 

128 

Integrate and Dump 
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TABLE 2. EXAMPLE FIR FILTER COEFFICIENT FILES 


NO. 

FILE NAME 

SQUARE ROOT OF 
RAISED COSINE 
FILTER a 

NUMBER 

OF TAPS 

FILTER SPAN 
(SYMBOLS) 

FILTER 

DECIMATION 

REQUIRED DQT 
OUTPUT RATE 

1 

rrc2a2x 

0.2 

16 

8 

None 

2 X Symbol Rate 

2 

rrc2a4x 

0.2 

32 

8 

2 

4 X Symbol Rate 

3 

rrc2a8x 

0.2 

64 

8 

4 

8 X Symbol Rate 

4 

rrc35a2x 

0.35 

16 

8 

None 

2 X Symbol Rate 

5 

rrc35a4x 

0.35 

32 

8 

2 

4 X Symbol Rate 

6 

rrc35a8x 

0.35 

64 

8 

4 

8 X Symbol Rate 

7 

rrc4a2x 

0.4 

16 

8 

None 

2 X Symbol Rate 

8 

rrc4a4x 

0.4 

32 

8 

2 

4 X Symbol Rate 

9 

rrc4a8x 

0.4 

64 

8 

4 

8 X Symbol Rate 

10 

rrc5a2x 

0.5 

16 

8 

None 

2 X Symbol Rate 

11 

rrc5a4x 

0.5 

32 

8 

2 

4 X Symbol Rate 

12 

rrc5a8x 

0.5 

64 

8 

4 

8 X Symbol Rate 


Summary 


The HSP50110/210EVAL kit includes software that enables 
the user to configure the hardware for data processing. 
Example configuration files represent a variety of symbol 
rates, filtering and modulation formats. Additional files are 
provided for using the onboard serial FIR filters. The follow¬ 
ing recommendations will facilitate your use of the 
HSP50110/210EVAL kit: 

1. It is recommended that users conform to the conven¬ 
tions used for naming both the configuration and FIR fil¬ 
ter files, minimizing confusion when seeking application 
assistance. 

2. It is critical that the user understand that the evaluation 
board outputs data at symbol rate, not the data rate. 
Setup problems masked when operating In the BPSK 
format, come to confuse the operator when higher level 
modulation formats are invoked. Review of the material 
on the first section of this application note can avoid the 
most common mistakes in modulator and demodulator 
test setups. QPSK and 8PSK modulators are likely to 
input data at the data rate, rather than the symbol rate, 
especially if the units have integral encoders. The 
HSP50110/21OEVAL outputs I and Q data at the symbol 
rate, not the data rate. External generation of 2X or 3X 
clocks may be required to re-multiplex the data into a 
single data stream if decoding is not employed. Decod¬ 
ers generally require the I and Q symbols to properly 
perform decoding. 

3. It is also recommended that users begin with one of the 
example configurations, rather than attempt an original 
configuration creation. The user needs to become famil¬ 
iar with the operation of the evaluation board before 
attempting the process of configuration design. 


4. Users that wish to design application specific FIR filters 
should begin with the FIR configuration example. The 
second step should be to select a different FIR filter file 
for the example configuration. The third step is to use 
SERINADE to create an application specific FIR file. 
Following these steps will introduce the user to the oper¬ 
ation of the evaluation board, the example configuration 
files, the example filter files and the SERINADE filter 
design software in a methodical order, minimizing confu¬ 
sion and reducing the likelihood of mistakes. 

5. In standard Bit Error Rate Testers (BERT), maximal length 
sequences are used as the PseudoRandom test 
sequences. Common code lengths are 2^-1,2^°-1,2^®-1, 
and 2^®-1. One of the properties of these codes is that if 
every other bit of the sequence is selected, the original 
sequence will be generated at the lower rate at a new 
phase of the code. This property can be useful when test¬ 
ing the card in the QPSK mode when regeneration of the 
composite data rate cannot be done. The receive BERT 
should be set to the same code length as the transmit 
BERT but the symbol rate is entered as the operating rate. 
Either I or Q is connected to the BERT. Bit Error Rate data 
can be taken at the symbol rate. Note that imperfections in 
implementing the modulator (l/Q imbalance, d.c. offset, 
orthogonality, etc.) may degrade the BER of the individual 
channels (I or Q) at one or more of the lock points. Ideally, 
the BER at each lock point (2 for BPSK, 4 for QPSK, and 8 
for 8PSK) will be identical. By taking an average of the 
BER on the I and Q Channels at the various lock points, 
the composite l/Q BER can be calculated. 
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Introduction 


Polyphase resampling filters are often used for timing adjust¬ 
ments in bit synchronizer loops. They are most commonly 
used at high baud rates where the sample rate to baud rate 
ratio (Fs/Rsaud) 's low. The HSP50110 Digital Quadrature 
Tuner (DQT) and HSP50210 Digital Costas Loop (DCL) 
chips support NCO driven polyphase resampling filtering 
when the HSP43168 Dual FIR Filter (DFF) is inserted 
between them. This application note will address use of the 
DQT, DFF and DCL in the polyphase filtering configuration. 

Polyphase Filtering Overview 

In polyphase resamplers, the process can be conceptually 
described as interpolation to a high rate, followed by a deci¬ 
mation to the desired lower rate. In practice, the process is 
done in a single step by changing the filter coefficients. 

For example, in a 3/5 resampler, the input Is interpolated by 
three using three sets of coefficient phases 0, 1, and 2. The 
interpolated signal is then decimated by 5, discarding 4/5 of 
the phases. The two steps are combined by computing three 
outputs for every five inputs. The resulting phases are: 

IOUTo = Oa; 

IOUTi = 2b; 
iouTi = 1d; 

10UT2 = Op; 

1 OUT 3 = Op; 

as shown in Table 1. One can see by inspection, that the 
same result can be accomplished by providing unique sets 
of coefficients and applying the appropriate filter coefficient 
set to the input data at the desired output rate. A unique 
coefficient set is required for every interpolated phase of the 
data, in this example - 3. 

DQT/DCL Resampling Capabilities 

The DQT/DCL have four design elements which enable 
polyphase filtering to be accomplished: 

1. A resampling NCO with carry output 

2. A latched resampling NCO phase word: SPH(4:0) 

3. A programmable clock counter with carry output 

4. A strobe, SSTRB, latched synchronous to both the Resam¬ 
pler NCO carry and the programmable clock counter carry. 


In the DQT/CDL implementation, the resampling ratio is con¬ 
trolled by the resampling NCO. The ratio can be both Irrational 
and variable. The DQT is fixed (controlled by a counter) at an 
output sample rate faster than the desired rate. The resam¬ 
pling NCO and the DFF are used to choose when to compute 
the next output and which interpolation phase to use. The 
DFF can store up to 32 filter phases (coefficient sets). This 
gives a timing resolution of ~3% of a symbol time. 

TABLE 1. INTERPOLATE BY 3 DECIMATE BY 5 


INTERPOLATE BY 3 
DATA 

DECIMATE BY 5 
DATA 

Oa 

lOUTo 

1 a 


2 a 


Ob 


1 b 


2 b 

IOUT 1 

Oc 


1c 


2c 


Od 


Id 

IOUT 2 

2 d 


Oe 


1 e 


2 e 


Of 

IOUT 3 


The DQT resampling NCO is programmed for the desired 
output sample rate. When the NCO rolls over, it sets a flag 
internally so that the NCO’s phase, SPH(4:0), is sampled 
and the SSTRB signal is asserted aligned with the next out¬ 
put sample. The SSTRB signal indicates that a FIR compu¬ 
tation Is required. The SPH(4:0) signals hold the NCO phase 
at the output sample time, indicating which filter interpolation 
coefficient set to use. 


Copyright © Harris Corporation 1997 
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Polyphase Filter Design 

The coefficients for the interpolation phases are generated by 
designing the filter at the interpolated rate (32x the input sam¬ 
ple rate since there are five bits of phase represented in 
SPH(4:0)) with desired passband at <1X in input sample rate. 
With the DFF (without alternating the FWD and RVRS data), 
the prototype filter would have (32 phases x 8 taps) 256 taps. 
These taps are divided into the 32 fitter phases by taking 
every 32^^^ sample and storing the result as coefficient sets 0 
through 31. The first coefficient set would be CO, C32, C64, 
C96, Cl 28, Cl 60, Cl 93, and C224. The last coefficient set 
would be C31, C63, C95, C127, C159, C192, C223, and 
C255. Note: Preadders in the DFF cannot be used since 
interpolation phase coefficients are asymmetric. 

Decimation can be used if fewer interpolation phases are 
used - for example 16 coefficient phases can be realized by 
decimating by two. Because the resampling filter has only an 
8 sample span (4 symbol), the short span yields relatively 
gradual transition band roll off, making it a poor shaping filter. 

Implementing a Resampling Filter Using 
the DQT, DCL and the DFF 

There are several configurations for implementing polyphase 
filtering using the HSP50110 (DQT) and HSP50210 (DCL) 
with external FIR filters. Three distinct operational cases 
which are related to the selected input mode of the input 
controller of the DQT are: Normal, Gated, and Interpolated. 
This application note addresses only the Normal Input 
Mode, which has the ENI input to the DQT tied low. Bit posi¬ 
tion 1 of Control Address = 4 should be set high (1), select¬ 
ing the gated mode. Hardwiring ENi will continuously gate 
the Input. 

Consider the implementation shown in Figure 1. The SSTRB 
and the SPHO-4 are used to gate the output of the filter 
add ress the filter and the coefficients respectively. Note that 
the SSTRB must be delayed an amount equivalent to the fil- 
ter, to prop erly gate the filter output Into the HSP50210 via 
the SYNC input signal. Using the fine phase address bits in 
SPHO-4,32 filter phases (coefficient sets) can be realized. 

The d ocking and control of the FIR using CLK, SSTRB, 
SYNC, DATARDY and SPHO-4 becomes critical. Figure 2 
outlines the configuration required. It is very important to 
understand the relationship between the various DQT clock 
and control outputs. 


CLK, the Programmable Divider, and the Re-Sampler 
NCO 

The Programmable Divider must be configured to have CLK 
(the DQT input sample clock) as the clock source, rather 
than the Re-Sampler NCO carry out. To select CLK as the 
source, BIT 18 of DESTINATION ADDRESS 5 must be set 
to “r. The Programmable Divider (Destination Address 5 Bit 
6 to 17) is set to a value of 2 ^, where n = 0, 1, 2, or 3. This 
generates a CIC Filter Clock that is CLK, CLK/2, CLK/4 or 
CLK/8, respectively. This clock will be gated to become the 
DATARDY signal, and will be used to gate the data into the 
external FIR filter. This selection of the Programmable 
Divider determines the SPH_OUT_SEL settings for the 
shifter or the Re-Sampler Phase output bits. Table 2 details 
the required settings. 

TABLE 2. DIVIDER AND PHASE SHIFT SETTINGS 
PROGRAMMABLE DIVIDER SHIFTER SETTINGS 

OH 11 

1H "lo 

- — _ 

Note that when the CIC Filter is clocked at CLK rate, no shift¬ 
ing occurs. Similarly, when the CIC Filter is clocked at CLK/8 
rate, the shifter selects the phase bits fourth from the top as 
the MSB. 

We desire finer phase resolution of a single decimated sam¬ 
ple time. The Programmable Divider output, which is DQT 
CIC and DQT CIC compensation filter clock, is one positive 
(programmable positive or negative) pulse the width of one 
input sample clock period. 

Note that the input sample clock (CLK) is the clock that 
should be used to clock the FIR filter input. The DATARDY 
signal will be used to enable the FIR filter input data sam¬ 
pling at the decimated rate. 
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SYMBOL 


CENTER 

OFFSET 
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FIGURE 1. SIGNAL GENERATION FOR POLYPHASE FILTERING WITH HSP50110/HSP50210 
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LATCH I I LATCH CLK 


SSTRB# DATARDY# 


I Q 

DFF 


SOF AND 

SYNC# 

i Q 

SOFSYNC 

DCL 



FIGURE 2. CLOCK AND CONTROL CONNECTIONS FOR POLYPHASE FILTERING 


The SSTRB Signal and the Re-Sampler Phase Output 

The Re-Sampler NCO is programmed to the desired sample 
frequency of the DCL input. It is not connected to clock any 
hardware In the DOT. This NCO provides a carry output, 
which identifies the zero phase location. Additionally, 5 bits 
of phase resolution are provided. The SSTRB signal is the 
gated version of the carry out of the Re-Sampler NCO. 

There are two selectable modes of operation for the SSTRB 
signal. The first mode is an asynchronous continuous mode, 
where the carry out Is passed directly out of the chip without 
concern for the timing of the programmable counter. The 
carry out is updated with every CLK rising edge. Do not use 
the asynchronous continuous mode for this application. 

The second mode synchronizes the carry output pulse with 
the rising clock edge out of the programmable counter. Pro¬ 
gram BIT POSITION 13 of DESTINATION ADDRESS = 6 to 
be “0”. This gating will “synchronize” the SSTRB and the 5 
bits of sampler phase to the DATARDY signal. The synchro¬ 
nization occurs during gating and the gate will occasionally 
prevent the SSTRB and phase signals from their expected 
location, because they did not occur aligned with the 
DATARDY signal (during that output sample period). 


The frequency of the Re-Sampler NCO carry out Is equal to 
the programmed Re-Sampler NCO Center Frequency value 
multiplied by the frequency of CLK, scaled to 32 bits of reso¬ 
lution. If there is a Symbol Offset Frequency offset term, the 
sum of the offset and the center frequencies is multiplied by 
the frequency of CLK, and scaled to 32-bit resolution. This is 
detailed in Equation 1. 

FCO = Fs X (SCF + S0F)/232 (EQ. 1) 

where FCO = the frequency of the Re-Sampler NCO carry out; 
Fs = the DOT Input sampling frequency (CLK); SCF = the Sam¬ 
pler Center Frequency; SOF = Sampler Offset Frequency. 


SPHO-4 

[NCO OUTPUT] 
(ANALOG WAVEFORM) 


FIGURE 3. THE CARRY OUT SIGNAL RELATIONSHIP TO 
RE-SAMPLER PHASE BITS 
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NOTES: 

1. Because the SCF and SOF are both 32-bit words, the maximum 
value for the parenthetical expression is (FFFFFFFF + 
FFFFFFFF)/ 2, which yields an erroneous value of greater 
than one for the multiplier of the sampling frequency Fg. This will 
cause the NCO to “rollover”. If the sum of these two values (SCF 
+ SOF) are kept less than 2^^, rollover will not be an Issue. 

2. If the value of SCF is a multiple of 2, then there will be no jitter on 
the carry out of the NCO (and thus no jitter on the decimation fil¬ 
ter clock or the DAfARDY signal) so long as the SOF is zero. But 
as SOF adjusts the phase of the NCO, jitter on the order of one 
NCO clock will be Introduced due to the non-integer value of the 
sampling frequency multiplier (SCF + SOF)/ 2^^. 

3. If the value of SCF Is not a multiple of 2, then there will be jitter 
on carry out of the NCO on the order of one NCO clock due to 
the non-integer value of the sampling frequency multiplier 
(SCF)/2^2. ^5 ^|.,Q 3 QP signal adjusts the phase of the NCO, the 
jitter will remain, except on those rare moments when the sum of 
SOF and SCF is a multiple of 2. 

Figure 3 shows the relationship to the NCO output values 
and the frequency of the NCO carry out signal. SPH (0-5) 
are 5 MSB’s selected from the top 8 bits of the NCO output 
word. It Is these bits that will be used to provide finer sampler 
phase resolution to address the coefficient sets in the FIR fil¬ 
ter. A programmable shifter selects which 5 of the 8 MSB’s 
are used as the sampler phase output. Up to thirty two sym¬ 
bol phase values can be achieved with these 5 bits. The 
shifter scaling retains the 32 state resolution for most NCO 
frequencies. These 5 bits should be connected to the FIR fil¬ 
ter coefficient address lines. 


The External FIR Filter 

A FIR filter is used to provide for the resampling of the DOT 
output with timing associated with the Re-Sampler NCO fre¬ 
quency. Figure 4 shows a typical filter response for this FIR 
filter. The filter is designed as an Interpolate by 32/Decimate 
by n filter. The Interpolate by 32 is a “virtual” Interpolation, 
sin ce the part is being clocked at CLK rate, but enabled at 
the DATARDY rate. The FIR decimation rate is with respect 
to the DATARDY enable rate, which is the rate at which the 
FIR shifter is enabled. As shown In Figure 5, the filter must 
be designed to ensure that the RRC filter in the DCL chip is 
well within the flat passband of the FIR filter and not cor¬ 
rupted by aliasing. The DFF will aid In, but not be, the pri¬ 
mary shaping filter in the receive path. 

The HSP43168 dual FIR filter provides the capability to pro¬ 
vide both the I and Q filters in a single chip if a 8 tap symmet¬ 
ric filter meets the customer requirements. Each of the 8 
taps is used with 32 coefficient sets to yield a total filter of up 
to 8 X 32 = 256 taps. Another way to look at this Is that this 
provides 8 filter taps per phase. Each of the 32 filter coeffi¬ 
cient sets should be programmed with coefficients for differ¬ 
ent phases of the response. A typical single phase filter 
response is shown in Figure 6. This response becomes just 
one of 32 phase responses that as a composite will repre¬ 
sent the filter. The main lobe response of composite filter, 
with 32 phases, is shown in Figure 7. 

A Typical Single Phase Filter Response 

The DCL will accept the output of the FIR Filter at t he FIR 
decimated rate. These inputs will be enabled by the SYNC 
input, which is the SSTRB signal delaye d by exa ct process¬ 
ing delay of the FIR Filter. Note that the SSTRB represents 
the “zero or start” phase sample of the 32 phases of the re¬ 
sampled rate clock. The designer must provide the input pro¬ 
cessing clock. This processing clock can be the CLK signa l 
from the DOT, since the DCL inputs are enabled by SYNC. 
Thus the effective sampling rate of the DCL is determined by 
the SSTRB (SYNC ) signal. Th e symbol loop filter output of 
the DCL, SOF and SOFSYNC, should be routed to the DCL 
Re-sampler inputs of the same name. 
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fft/2 

FIGURE 4. A TYPICAL DATA FILTER FOR THE FIR FILTER STRUCTURE 



fs/2 fs 


FIGURE 5. KEEPING THE DCL RRC RLTER WELL WITHIN THE FLAT PASSBAND 



FIGURE 7. THE “MAIN LOBE” COMPOSITE COEFFICIENT FILTER RESPONSE FOR A 32 PHASE FILTER 
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Harris Quality 


Introduction 

Success in the integrated circuit industry means more than 
simply meeting or exceeding the demands of today’s market. 
It also includes anticipating and accepting the challenges of 
the future. It results from a process of continuing Improve¬ 
ment and evolution, with perfection as the constant goal. 

Harris Semiconductor’s commitment to supply only top value 
integrated circuits has made quality improvement a mandate 
for every person in our work force - from circuit designer to 
manufacturing operator, from hourly employee to corporate 
executive. Price is no longer the only determinant in market¬ 
place competition. Quality, reliability, and performance enjoy 
significantly increased importance as measures of value in 
integrated circuits. 

Quality in integrated circuits cannot be added or considered 
after the fact. It begins with the development of capable pro¬ 
cess technology and product design. It continues in manu¬ 
facturing, through effective controls at each process or step. 
It culminates in the delivery of products which meet or 
exceed the expectations of the customer. 

The Role of the Quality Organization 

The emphasis on building quality Into the design and manu¬ 
facturing processes of a product has resulted in a significant 
refocus of the role of the Quality organization. In addition to 
facilitating the development of SPC and DOX, Quality profes¬ 
sionals support other continuous improvement tools such as 
control charts, measurement of equipment capability, stan¬ 
dardization of inspection equipment and processes, proce¬ 
dures for chemical controls, analysis of inspection data and 
feedback to the manufacturing areas, coordination of efforts 
for process and product Improvement, optimization of envi¬ 
ronmental or raw materials quality, and the development of 
quality improvement programs with vendors. 

At critical manufacturing operations, process and product 
quality Is analyzed through random statistical sampling and 
product monitors. The Quality organization’s role is changing 
from policing quality to leadership and coordination of quality 
programs or procedures through auditing, sampling, consult¬ 
ing, and managing Quality Improvement projects. 

To support specific market requirements, or to ensure con¬ 
formance to military or customer specifications, the Quality 
organization still performs many of the conventional quality 
functions (e.g., group testing for military products or wafer lot 
acceptance). But, true to the philosophy that quality Is every¬ 
one’s job, much of the traditional on-line measurement and 
control of quality characteristics Is where it belongs - with 
the people who make the product. The Quality organization 
is there to provide leadership and assistance in the deploy¬ 
ment of quality techniques, and to monitor progress. 


The Improvement Process 



SOPHISTICATION OF QUALITY TECHNOLOGY 
FIGURE 1. STAGES OF STATISTICAL QUALITY TECHNOLOGY 

Harris Semiconductor’s quality methodology Is evolving through 
the stages shown in Figure 1. In 1981 we embarked on a pro¬ 
gram to move beyond Stage I, and we are currently In the tran¬ 
sition from Stage ill to Stage IV, as more and more of our 
people become involved in quality activities. The traditional 
“qualit/’ tasks of screening, inspection, and testing are being 
replaced by more effective and efficient methods, putting new 
tools into the hands of ail employees. Table 1 illustrates how our 
quality systems are changing to meet today’s needs. 

ISO 9000 Certification 

The manufacturing operations of Harris Semiconductor have 
ail received ISQ certification. The ISO 9000 series of stan¬ 
dards were very consistent with our goals to build an even 
stronger quality system foundation. 

Qualified Manufacturing List (QML) 

Harris Semiconductor has supplied military grade integrated 
circuits for over 20 years. The government’s certifying body had 
audited and granted approval to ship JAN, 883 compliant, and 
Source Military Drawing parts used in ground and space appli¬ 
cations. The discipline required to manufacture high reliability 
components has been beneficial to the commercial product 
lines. Harris has now taken the next evolutionary step by transi¬ 
tioning into QML as defined in MIL-PRF-38535. These guide¬ 
lines incorporate the best commercial practices for 
semiconductor manufacturing. 

Designing for Manufacturability 

Assuring quality and reliability in integrated circuits begins with 
good product and process design. This has always been a 
strength in Harris Semiconductor's quality approach. We have a 
very long lineage of high reliability, high performance products 
that have resulted from our commitment to design excellence. All 
Harris products are designed to meet the stringent quality and 
reliability requirements of the most demanding end equipment 
applications, from military and space to industrial and telecom¬ 
munications. The application of new tools and methods has 
allowed us to continuously upgrade the design process. 
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TABLE 1. TYPICAL ON-LINE MANUFACTURINQ/QUALITY TABLE 1. TYPICAL ON-LINE MANUFACTURING/QUALITY 

FUNCTIONS FUNCTIONS (Continued) 


AREA 

CONTROLS/MONITORS 

Wafer Fab 

• Internal Audits 

• Environmental 

- Room/Hood Particulates 

- Temperature/Humidity 

- Water Quality 

• Product 

- Junction Depth 

- Sheet Resistivities 

- Defect Density 

• Critical Dimensions 

- Visual Inspection 

- Lot Acceptance 

• Process 

- Film Thickness 

- Implant Dosages 

- Capacitance Voltage Changes 

- Conformance to Specification 

• Equipment 

- Repeatability 

- Profiles 

- Calibration 

- Preventive Maintenance 

Assembly 

• Internal Audits 

• Environmental 

- Room/Hood Particulates 

- Temperature/Humidity 

- Water Quality 

• Product 

- Documentation Check 

- Dice Inspection 

- Wire Bond Pull Strength/Controls 

- Ball Bond Shear/Controls 

- Die Shear Controls 

- Post-Bond/Pre-Seal Visual 

- Fine/Gross Leak 

- PINDTest 

- Lead Finish Visuals, Thickness 

- Solderability 

• Process 

- Operator Quality Performance 

- Saw Controls 

- Dio Attach Temperatures 

- Seal Parameters 

- Seal Temperature Profile 

- Sta-Bake Profile 

- Temp Cycle Chamber Temperature 

- ESD Protection 

- Plating Bath Controls 

- Mold Parameters 


AREA 

CONTROLS/MONiTORS 

Test 

• Internal Audits 

• Temperature/Humidity 

• ESD Controls 

• Temperature Test Calibration 

• Test System Calibration 

• Test Procedures 

• Control Unit Compliance 

• Lot Acceptance Conformance 

• Group A Lot Acceptance 

Probe 

• Internal Audits 

• Wafer Repeat Correlation 

• Visual Requirements 

• Documentation 

• Process Performance 

Bum-ln 

• Internal Audits 

• Functionality Board Check 

• Oven Temperature Controls 

• Procedural Conformance 

Brand 

• Internal Audits 

• ESD Controls 

• Brand Permanency 

• Temperature/Humidity 

• Procedural Conformance 

QCI Inspection 

• Internal Audits 

• Group B Conformance 

• Group C and D Conformance 


NOTE: QCI Inspection is applicable only to Hi-Rel products. 


Each new design is evaluated throughout the development 
cycle to validate the capability of the new product to meet the 
end market performance, quality, and reliability objectives. 

The validation process has four major components: 

1. Design simulation/optimization 

2. Layout verification 

3. Product demonstration 

4. Reliability assessment 

Harris designers have an extensive set of very powerful 
Computer-Aided Design (CAD) tools to create and optimize 
product designs (see Table 2). 
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FIGURE 2. 
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Harris Semiconductor Standard Processing Fiow 



NOTE: 

2. Example for a Linear Part in PDIP Package 

FIGURE 3. 
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Harris Semiconductor Standard Processing Fiow 



Speciai Testing 

Harris Semiconductor offers several standard screen flows 
to support a customer’s need for additional testing and reli¬ 
ability assurance. These flows include environmental stress 
testing, burn-in, and electrical testing at temperatures other 
than +25°C. The flow shown in Figure 2 and Figure 3 indi¬ 
cates the Harris standard processing flow for a commercial 
linear part in a PDiP package. In addition, Harris can supply 
products tested to customer specifications both for electrical 
requirements and for nonstandard environmental stress 
screening. Consult your field sales representative for details. 


TABLE 3. HARRIS I.C. DESIGN TOOLS 


DESIGN STEP 

PRODUCTS 

ANALOG 

DIGITAL 

Functional Simulation 

Cds Spice 

Cds Spice Verilog 

Parametric Simulation 

Cds Spice Monte 
Carlo 

Cds Spice 

Schematic Capture 

Cadence 

Cadence 

Functional Checking 

Cadence 

Cadence 

Rules Checking 

Cadence 

Cadence 

Parasitic Extraction 

Cadence 

Cadence 


Controiiing and improving the 
Manufacturing Process - SPC/DOX 

Statistical process control (SPC) is the basis for quality control 
and improvement at Harris Semiconductor. Harris manufac¬ 
turing people use control charts to determine the normal vari¬ 
abilities in processes, materials, and products. Critical 
process variables and performance characteristics are mea¬ 
sured and control limits are plotted on the control charts. 
Appropriate action is taken if the charts show that an opera¬ 
tion is outside the process control limits or Indicates a nonran¬ 
dom pattern inside the limits. These same control charts are 
powerful tools for use in reducing variations in processing, 
materials, and products. Table 3 lists some typical manufac¬ 
turing applications of control charts at Harris Semiconductor. 

SPC is important, but still considered only part of the solution. 
Processes which operate in statistical control are not always 
capable of meeting engineering requirements. The conven¬ 
tional way of dealing with this in the semiconductor industry has 
been to Implement 100% screening or Inspection steps to 
remove defects, but these techniques are insufficient to meet 
today’s demands for the highest reliability and perfect quality 
performance. 

Harris still uses screening and inspection to “grade” products and 
to satisfy specific customer requirements for burn-in, multiple 
temperature test insertions, environmental screening, and visual 
inspection as value-added testing options. However, inspection 
and screening are limited In their ability to reduce product defects 
to the levels expected by today’s buyers. In addition, screening 
and Inspection have an associated expense, which raises prod¬ 
uct cost (see Table 4). 
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TABLE 4. APPROACH AND IMPACT OF STATISTICAL QUALITY 
TECHNOLOGY 


STAGE 

APPROACH 

IMPACT 

1 

Product 

Screening 

• Stress and Test 

• Defective Prediction 

• Limited Quality 

• Costly 

• After-The-Fact 

II 

Process 

Control 

• Statistical Process 
Control 

• Just-In-Time 
Manufacturing 

• Identifies Variability 

• Reduces Costs 

• Real Time 

III 

Process 

Optimization 

• Design of Experi¬ 
ments 

• Process Simulation 

• Minimizes Variability 

• Before-The-Fact 

Iv 

Product 

Optimization 

• Design for Produc- 
ibiiity 

• Product Simulation 

• Insensitive to Vari¬ 
ability 

• Designed-In Quality 

• Optimal Results 


Harris engineers are, instead, using Design of Experiments 
(DOX), a scientifically disciplined mechanism for evaluating 
and implementing improvements In product processes, 
materials, equipment, and facilities. These Improvements 
are aimed at upgrading process performance by studying 
the key variables controlling the process, and optimizing the 
procedures or design to yield the best result. This approach 
is a more time-consuming method of achieving quality per¬ 
fection, but a better product results from the efforts, and the 
basic causes of product nonconformance can be eliminated. 

SPC, DOX, and design for manufacturability, coupled with 
our 100% test flows, combine In a product assurance 
program that delivers the quality and reliability performance 
demanded for today and for the future. 

Average Outgoing Quality (AOQ) 

Average Outgoing Quality is a yardstick for our success In 
quality manufacturing. The average outgoing electrical 
defective is determined by randomly sampling units from 
each lot and is measured in parts per million (PPM). The 
current procedures and sampling plans outlined in 
ANSI/ASQC Z1.4, MIL-STD-883 and MIL-PRF-38535 are 
used by our quality inspectors. 

The focus on this quality parameter has resulted In a contin¬ 
uous improvement to less than 100 PPM, and the goal is to 
continue improvement toward 0 PPM. 


Training 

The basis of a successful transition from conventional qual¬ 
ity programs to more effective, total involvement Is training. 
Extensive training of personnel involved in product manu¬ 
facturing began in 1984 at Harris, with a comprehensive 
development program in statistical methods. Using the 
resources of Harris statisticians, private consultants, and 
internally developed programs, training of engineers, facili¬ 
tators, and operators/technicians has been an ongoing 
activity in Harris Semiconductor. 

Over the past years, Harris has also deployed a comprehen¬ 
sive training program for hourly operators and facilitators in 
job requirements and functional skills. All hourly manufactur¬ 
ing employees participate (see Table 5). 

Incoming Materials 

Improving the quality and reducing the variability of critical 
incoming materials is essential to product quality enhance¬ 
ment, yield improvement, and cost control. With the use of 
statistical techniques, the Influence of silicon, chemicals, 
gases and other materials on manufacturing is highly 
measurable. Current measurements indicate that results are 
best achieved when materials feeding a statistically 
controlled manufacturing line have also been produced by 
statistically controlled vendor processes. 

To assure optimum quality of all incoming materials, Harris 
has initiated an aggressive program, linking key suppliers 
with our manufacturing lines. This user-supplier network is 
the Harris Vendor Certification process by which strategic 
vendors, who have performance histories of the highest 
quality, participate with Harris in a lined network; the vendor’s 
factory acts as If It were a beginning of the Harris production line. 

SPC seminars, development of open working relationships, 
understanding of Harris’s manufacturing needs and vendor 
capabilities, and continual improvement programs are all part of 
the certification process. The sole use of engineering limits no 
longer is the only quantitative requirement of incoming materials. 
Specified requirements include centered means, statistical 
control limits, and the requirement that vendors deliver their 
products from their own statistically evaluated. In-control manu¬ 
facturing processes. 

In addition to the certification process, Harris has worked to 
promote improved quality In the performance of all our 
qualified vendors who must meet rigorous incoming inspec¬ 
tion criteria (see Table 6). 
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Techs, Facilitators, Engineers Capability Indices (Cp and Cp^), Variance Components, Nested Models, Fixed and 
Random Effects 
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TABLE 6. INCOMING QUALITY CONTROL MATERIAL QUALITY CONFORMANCE 


MATERIAL 

INCOMING INSPECTIONS 

VENDOR DATA REQUIREMENTS 

Silicon 

• Resistivity 

• Crystal Orientation 

• Dimensions 

• Edge Conditions 

• Taper 

• Thickness 

• Total Thickness Variation 

• Backside Criteria 

• Oxygen 

• Carbon 

• Equipment Capability Control Charts 

- Oxygen 

- Resistivity 

• Control Charts Related to 

- Enhanced Gettering 

- Total Thickness Variation 

- Total Indicated Reading 

- Particulates 

• Certificate of Analysis for all Critical Parameters 

• Control Charts from On-Line Processing 

• Certificate of Conformance 

Chemicals/Photoresists/ 

Gases 

• Chemicals 

- Assay 

- Major Contaminants 

• Molding Compounds 

- Spiral Flow 

- Thermal Characteristics 

• Gases 

‘ Impurities 

• Photoresists 

- Viscosity 

- Film Thickness 

- Solids 

- Pinholes 

• Certificate of Analysis on all Critical Parameters 

• Certificate of Conformance 

• Control Charts from On-Line Processing 

• Control Charts 

- Assay 

- Contaminants 

- Water 

- Selected Parameters 

• Control Charts 

- Assay 

- Contaminants 

• Control Charts on 

- Photospeed 

- Thickness 

- UV Absorbency 

- Filterability 

- Water 

- Contaminants 

Thin Film Materials 

• Assay 

• Selected Contaminants 

• Control Charts from On-Line Processing 

• Control Charts 

- Assay 

- Contaminants 

- Dimensional Characteristics 

• Certificate of Analysis for all Critical Parameters 

• Certificate of Conformance 

Assembly Materials 

■ ' 1 

• Visual Inspection 

• Physical Dimension Checks 

• Glass Composition 

• Bondability 

• Intermetallic Layer Adhesion 

• Ionic Contaminants 

• Thermal Characteristics 

• Lead Coplanarlty 

• Plating Thickness 

• Hermeticity 

• Certificate of Analysis 

• Certificate of Conformance 

• Process Control Charts on Outgoing Product Checks 
and In-Line Process Controls 
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Calibration Laboratory 

Another important resource in the product assurance system 
is a calibration lab in each Harris Semiconductor operation 
site. These labs are responsible for calibrating the electronic, 
electrical, electro/mechanical, and optical equipment used in 
both production and engineering areas. The accuracy of 
instruments used at Harris is traceable to a national stan¬ 
dards. Each lab maintains a system which conforms to the 
current revision of ANSI/NCSL Z540-1. 

Each instrument requiring calibration is assigned a calibra¬ 
tion interval based upon stability, purpose, and degree of 
use. The equipment is labeled with an identification tag on 
which is specified both the date of the last calibration and of 
the next required calibration. The Caiibration Lab reports on 
a regular basis to each user department. Equipment out of 
calibration is taken out of service until calibration is per¬ 
formed. The Quaiity organization performs periodic audits to 
assure proper control in the using areas. Statistical proce¬ 
dures are used where applicable In the calibration process. 

Manufacturing Science - CAM, JIT, TPM 

In addition to SPC and DOX as key tools to control the prod¬ 
uct and processes, Harris is deploying other management 
mechanisms in the factory. On first examination, these tools 
appear to be directed more at schedules and capacity. How¬ 
ever, they have a significant Impact on quality results. 

Computer Aided Manufacturing (CAM) 

CAM is a computer based inventory and productivity 
management tool which allows personnel to quickly identify 
production line problems and take corrective action. In addi¬ 
tion, CAM Improves scheduling and allows Harris to more 
quickly respond to changing customer requirements and 
aids in managing work In process (WIP) and inventories. 

The use of CAM has resulted in significant improvements In 
many areas. Better wafer lot tracking has facilitated a num¬ 
ber of process improvements by correlating yields to process 
variables. In several places CAM has greatly improved 
capacity utilization through better planning and scheduling. 
Queues have been reduced and cycle times have been 
shortened - in some cases by as much as a factor of 2. 


Just In Time (JIT) 

The major focus of JIT is cycle time reduction and linear pro¬ 
duction. Significant improvements in these areas result In 
large benefits to the customer. JIT is a part of the Total Qual¬ 
ity Management philosophy at Harris and includes Employee 
Involvement, Total Quality Control, and the total elimination 
of waste. 

Some key JIT methods used for improvement are sequence 
of events analysis for the elimination of non-value added 
activities, demand/pull to improve production flow, TQC 
check points and Employee Involvement Teams using root 
cause analysis for problem solving. 

JIT implementations at Harris Semiconductor have resulted 
in significant improvements In cycle time and linearity. The 
benefits from these improvements are better on time deliv¬ 
ery, Improved yield, and a more cost effective operation. 

JIT, SPC, and TPM are complementary methodologies and 
used in conjunction with each other create a very powerful 
force for manufacturing Improvement. 

Total Productive Maintenance (TPM) 

TPM or Total Productive Maintenance Is a specific methodol¬ 
ogy which utilizes a definite set of principles and tools focus¬ 
ing on the improvement of equipment utilization. It focuses 
on the total elimination of the six major losses which are 
equipment failures, setup and adjustment, idling and minor 
stoppages, reduced speed, process defects, and reduced 
yield. A key measure of progress within TPM is the overall 
equipment effectiveness which indicates what percentage of 
the time is a particular equipment producing good parts. The 
basic TPM principles focus on maximum equipment utiliza¬ 
tion, autonomous maintenance, cross functional team 
involvement, and zero defects. There are some key tools 
within the TPM technical set which have proven to be very 
powerful to solve long standing problems. They are initial 
clean, P-M analysis, condition based maintenance, and 
quality maintenance. 

Utilization of TPM has shown significant Increases in utiliza¬ 
tion on many tools across the Sector and is rapidly becoming 
widespread and recognized as a very valuable tool to 
improve manufacturing competitiveness. 



The most dramatic benefit has been the reduction of WIP The major benefits of TPM are capital avoidance, reduced 
inventory levels, in one area by 500%. This results in fewer costs, increased capability, and increased quality. It is also 
lots in the area and a resulting quality Improvement. In wafer very compatible with SPC techniques since SPC is a good 
fab, defect rates are lower because wafers spend less time in stepping stone to TPM implementation and It is In turn a 
production areas awaiting processing. Lower Inventory also good stepping stone to JIT because a high overall equip- 
improves morale and brings a more orderly flow to the area, ment effectiveness guarantees the equipment to be available 
CAM facilitates all of these advantages. and operational at the right time as demanded by JIT. 
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Introduction 

At Harris Semiconductor, reliabiiity is built into every product 
by emphasizing quality throughout manufacturing. This starts 
by ensuring the excellence of the design, layout, and 
manufacturing processes. The quality of the raw materials 
and workmanship Is monitored using statistical process 
control (SPC) to preserve the reliability of the product. The 
primary and ultimate goal of these efforts is to provide full 
performance to the product specification throughout its useful 
life. 

Reliability Engineering 


The Reliability Engineering department is responsible for all 
aspects of reliability assurance at Harris Semiconductor: 



• Charter 

- To ensure that Harris is recognized by our customers and 
competitors as a company that consistently delivers prod¬ 
ucts with high reliability. 

• Mission 

- To develop systems for assessing, enhancing, and assuring 
that quality and reliability are integrated into all aspects of 
our business. 

• Vision 

- To establish excellence and integrity through all design and 
manufacturing processes as It relates to quality and reliabil¬ 
ity. 

Values 

• To be considered responsive and service oriented by 
our customers. 

• To be acknowledged by Harris as a highly qualified 
resource for reliability assurance, product analysis, and 
electronic materials characterization. 

• To successfully utilize the organization’s talents through 
trained, empowered employees/employee team partici¬ 
pation. 

• To maintain an attitude of integrity, dignity and respect 
for all. 

Strategy 

• To provide quantitative assessments of product reliabil¬ 
ity focusing on the identification and timely elimination 
of design and processing deficiencies that degrade 
product performance and operating life expectancy. 

• To provide systems for continuous improvement of reli¬ 
ability and quality through the assessment of existing 
processes, products, and packages. 

• To perform product analysis as a means of problem 
solving and feedback to our customers, both internal 
and external. 

• To exercise full authority over the Internal qualifications 
of new products, processes, and packages. 




The reliabiiity organization is comprised of a team that 
possesses a broad cross section of expertise in these areas: 

• Custom Military (Radiation Hardened) 

• Automotive ASICs 

• Harsh Environment Plastic Packaging 

• Advanced Methods for Design for Reliability (DFR) 

• Strength in Power Semiconductor 

• Chemical/Surface Analysis Capabilities 

• Failure Analysis Capabilities 

The reliability focus is customer satisfaction (external and 
internal) and is accomplished through the development of 
standards, performance metrics, and service systems. These 
major systems are summarized below: 

• A process and product development system known as 
ACT PTM (Applying Concurrent Teams to Product-To- 
Market) has been established. The ACT PTM philosophy 
is one of new product development through a team that 
pursues customer Involvement. The team has the author¬ 
ity, responsibility, and training necessary to successfully 
bring the product to market. This not only includes product 
definition and design, but also all manufacturing capabili¬ 
ties as well. 

• Standard test vehicles (over 100) have been developed for 
process characterization of wear-out failure mechanisms. 
These vehicles are used for conventional stresses (for 
modeling failure rates) and for wafer level reliability char¬ 
acterization during development. 

• Common qualification standards have been established 
for ail sites. 

• A reliability monitoring system (also known as the Matrix 
monitoring system) is utilized for products In production to 
ensure ongoing reliability and verification of continuous 
improvement. 

• The field return system is designed to handle a variety of 
customer Issues in a timely manner. Product Issues are 
often handled by routing the product into the PFAST 
(Product Failure Analysis Solution Team) system. Return 
authorizations (RAs) are issued where an entire lot of 
product needs to be returned to Harris. The Customer 
Return Services (CRS) group is responsible for the admin¬ 
istration of this system (see Customer Return Services.) 

• The PFAST system has been established to expedite fail¬ 
ure analysis, failure root cause determination, and correc¬ 
tive actions for field returns. PFAST is a team effort Involv¬ 
ing many functional areas at all Harris sites. The purpose 
of this system is to enable Harris’s Field Sales and Quality 
operations to properly route, track, and respond to our 
customer’s needs as they relate to product analysis. 
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Design for Reliability 
(Wear-Out Characterization) 

The concept of “Design for Reliability” focuses on moving 
reliability assessment away from tests on sample product to a 
point much earlier in the design cycle. Effort is directed at 
building in and verifying the reliability of a new process well 
before manufacture of the first shippable product that uses 
that technology. This gives these first new products a higher 
probability of success and achieves reduced product-to- 
market cycle times. 

In practice, a set of standardized test vehicles containing 
special test structures are transferred to the new process 
using the layout ground rules specified for that process. Each 
test structure is designed for a specific wear-out failure 
mechanism. Highly accelerated stress tests are performed on 
these structures and the results can be extrapolated to 
customer use conditions. Generally, log-normal statistics are 
used to define wear-out distributions for the life prediction 
models. The results are used to establish reliability design 
ground rules and critical node lists for each process. These 
ground rules and critical nodes ensure that wear-out failures 
do not occur during the customer’s projected use of the 
product. 

Process/Product/Package Qualifications 

Once the new process has successfully completed wear-out 
characterization, the final qualification consists of more 
conventional testing (e.g. biased life, storage life, temp cycle 
etc.). These tests are performed on the first new product 
designs (sampled across multiple wafer production lots). 
Successful completion of the final qualification tests 
concurrently qualifies the new process and the new products 
that were used in the qualification. Subsequent products 
designed within the now-established ground rules are 
qualified Individually prior to introduction. New package 
configurations are also qualified individually prior to being 
available for use with new products. 

Harris’s qualification procedures are specified via controlled 
documentation and the same standard is used at Harris’s 
sites worldwide. Figure 4 gives more information on the new 
process/product development and life cycle. 

Product/Package Reliability Monitors 

Many of the accelerated stress-tests used during initial 
reliability qualification are also employed during the routine 
monitoring of standard product. Harris’s continuing reliability 
monitoring program consists of three groups of stress tests, 
labeled Matrix I, II and III. Table 6 outlines the Matrix tests 
used to monitor plastic packaged ICs in Harris’s off-shore 
assembly plants, where each wafer fab technology is 
sampled. Matrix I consists of highly accelerated, short 
duration (typically 48 hours) tests, sampled biweekly, which 
provide real-time feedback on product reliability. Matrix II 
consists of the more conventional, longer term stress-tests, 
sampled monthly, which are similar to those used for product 
qualification. Finally, Matrix 111, performed monthly on each 
package style, monitors the mechanical reliability aspects of 


the package. Any failures occurring on the Matrix monitors are 
fully analyzed and the failure mechanisms identified, with 
containment and corrective actions obtained from 
Manufacturing and Engineering. This Information along with 
all of the test results are routinely transmitted to a central data 
base in Reliability Engineering, where failure rate trends are 
analyzed and tracked on an ongoing basis. These data are 
used to drive product improvements, to ensure that failure 
rates are continuously being reduced over time. 

Reliability data, including the Matrix Monitor results, can be 
obtained by contacting your local Harris sales office. 

TABLE 7. PLASTIC PACKAGED 1C MONITORING TESTS 
MATRIX I 


TEST 

CONDITIONS 

DURATION 

SAMPLE/ 

LTPD 

Autoclave 

+121°C, 

100%RH, 15PSIG 

96 Hours 

45/5 

Biased Life 

+175°C 

48 Hours 

45/5 

Biased Life 

+I 25 OC 

48 Hours 

45/5 

HAST 

+I 35 OC, 85% RH 

48 Hours 

45/5 

Thermal Shock 

-65°C to +150°C 

200 Cycles 

45/5 


MATRIX II 


TEST 

CONDITIONS 

DURATION 

SAMPLE/ 

LTPD 

Autoclave 

+121°C, 

100%RH, 15PSIG 

192 Hours 

45/5 

Biased Humidity 

+ 85 OC, 85% RH 

1000 Hours 

45/5 

Biased Life 

+I 25 OC 

1000 Hours 

45/5 

Dynamic Life 

+I 25 OC 

1000 Hours 

45/5 

Storage Life 

+150°C 

1000 Hours 

45/5 

Temp. Cycle 

-65°C to +150°C 

1000 Cycles 

45/5 


MATRIX III 

TEST 

CONDITIONS 

SAMPLE/LTPD 

Brand Adhesion 

MIL-STD-883/2015 

15/15 

Flammability 

{UL-94 Vertical Burn) 

11/20 

Lead Fatigue 

MIL-STD-883/2004 

15/15 

Physical Dimensions 

MIL-STD-883/2016 

11/20 

Solderability 

MIL-STD-883/2003 

45/15 
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FLOW - PROCESS/PRODUCT RELIABILITY FOCUS 

DEVELOPMENT 

Assumes process development required 


Evaluate reliability risks factors 

Attain commitment for test vehicle development 


Review test vehicle development and stress test plan 

Review package requirements and ESD requirements 

Review latent random failure mechanism history and design for elimination 

Review ground rules for design and elimination of wear-out mechanisms 

Review process characterization, statistical control and capability and critical 

node list 

Review device modeling and simulations 
Review process variability and producibility 
Define wafer level reliability vehicles 


Evaluate design of chip to package risk factors 
Review Design ground Rule Checks (DRCs) 

Establish reliability test, stress and failure analysis capabilities 
Project failure rate based on test vehicle data 
Review burn-in diagrams for production and qualification 
Review overall qualification plan 


Test vehicles and/or product constructed 

Conduct wear-out characterization and/or product stress testing 


Review test vehicle stress results 

Verify wear-out mechanisms are eliminated by design and Statistical Process 
Control (test vehicle + SPC) 

Review product characterization to data sheet, ESD, latch-up and Destructive 
Physical Analysis (DPA) results and define corrective actions 
Review of life test data and failure mechanisms. Define corrective actions 
Utilize statistical Design Of Experiments (DOX) if required to adjust process or de¬ 
sign 

Define necessary changes to eliminate any systematic failure mechanism 
if mature process - grant generic release 


Qualification requirements complete and presented. Meet FIT rate requirements 
Review Infant mortality burn-in results 
Initiate reliability monitor plan 


Reliability Monitors: 

- Matrix monitor assessment 

- Military quality conformance testing 

Trend analysis of reliability performance used to develop product Improvements 
Yield management support 


High quality and reliable products shipped to Harris customers 


Failure Analysis - Determine assignable cause of failure 
Closed loop corrective action process 

Continuous improvement objectives in product reliability and quality 


PRODUCT DEFINITION REVIEW 

- 1 - 

CONCEPT REVIEW 



FIGURE 4. NEW PROCESS/PRODUCT DEVELOPMENT AND LIFE CYCLE 
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Customer Return Services 

Harris places a high priority on resolving customer return 
issues. The Customer Return Services (CRS) department is 
responsible for determining the best manner to handle a 
return issue as illustrated in Figure 5. 



FIGURE 5. GENERAL RETURN FLOW 

The diversity of return reasons requires that many different 
organizations be involved to test, analyze, and correct field 
return issues. The CRS group coordinates the responses 
from the supporting organizations to drive closure of Issues 
within the customer response time requirements, see Table 7. 
The results from the work performed on customer returns are 
used to initiate corrective actions and continuous 
improvements within the factories. 

The two methods used to return devices are by a RA (Return 
Authorization) request or by a PFAST (Product Failure 
Analysis Solution Team) request. The main difference 
between RA and PFAST is that the PFAST requests often 
require extensive analysis and a more formal response to the 
customer. All returns follow the same general procedure from 
the customer’s perspective as seen In steps one to four of the 
customer return procedure. 


• Step 1 - Customer or Sales office contacts the Cus¬ 
tomer Return Services department. If a return is to be 
routed into the PFAST system, then a PFAST Action 
Request (see the PFAST form In this section) needs to 
be completed to understand the customer’s issue and 
direct the analysis efforts. 

- Phone Number: (407)-724.7400 

- FAX Number: (407)-724-7658 

- Internet: creturn@harris.com 

- PROFS: CRETURN 


• Step 2 - The Customer Return Services department 
notifies all affected sales, factory, and engineering 
organizations of the issue. 


• Step 3 - When product is received, the issue is verified 
and any required analysis is performed. Where applica¬ 
ble, a preliminary analysis report is sent to the cus¬ 
tomer. 


• Step 4 - A determination of the root cause of failure ini¬ 
tiates the corrective actions to address the source of 
the problem. A final corrective action report is sent to 
the customer if requested. 

The RA request Is used to return and replace an entire lot of 
product. The lot is returned to Harris for replacement or credit. 
Once the product is received various tests and evaluations will 
be performed to determine the appropriate actions that should 
be taken to resolve any problems or issues. 

A PFAST request is used to return a small sample for analysis 
of a problem. The ultimate outcome of both types of requests 
is to determine corrective actions that would preclude the 
same problem occurring in the future. Where appropriate, a 
containment plan is also implemented to prevent a re¬ 
occurrence of the problem in the field. The customer return 
flow diagram (Figure 6) provides the typical activities and 
cycle times for processing a PFAST request. 


TABLE 8. CUSTOMER RETURN SERVICES 


CHARTER 


RESPONSIBILITIES 


To resolve product quality issues To provide a single point interface 1. Maintain customer return history, 

while providing feedback to both between the customer and the _ _ , , x * 

external and internal customers to factory for resolving technical re urns roug e acory. 

facilitate corrective actions and problems. Issues, and field returns. 3. Establish a history library of problems 

continuous Improvement of the and corrective actions, 

product. ^ ^_,___ 


Ensure closure with customers. 
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INPUT 



3 DAYS - 


FAILURE 

VERIFICATION 


FAILURE ANALYSIS 
(IF REQUIRED) 


CORRECTIVE ACTIONS 
AND CONTAINMENT ACTIONS 


33 DAYS TOTAL CYCLE TIME - 


FINAL 

OUTPUT 


NOTE: The days indicated are the typical number of ‘working days’ not calendar days. Analysis difficulty 
and the nature of the corrective actions may either improve or degrade the total cycle time. 

FIGURE 6. CUSTOMER RETURN FLOW DIAGRAM 
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nn Request# 

<lJ nYrT^NVurT^ PFAST ACTION REQUEST 

(Product Failure Analysis Solution Team) 


Date: 


Originator 

Customer 



Companv/Phone No. 

Location 



Device Tvpe/Part No. 

Customer's Reference No. 



No. Samples Returned 

Ouantitv Received 







Instructions and requirements are on the back of this form. 



Has Field Applications been contacted for assistance? □ No Q Yes - Who was contacted 



SOURCE OF PROBLEM 

REASON FOR ELECTRICAL REJECT 



(Enter the sequence of events in the boxes provided) 

(Where appropriate serialize units and specify for each) 



1. Visual/Mechanical 

Test Conditions Relating to Failure 



n Describe 

Tester Used (Mfgr/ModeD 




Test Temperature 



2. Incoming Test □ Not Performed 

Test Time □ Continuous fT = seel 



□ 100% Tested □ Sample Tested 

□ One Shot (T = seel 



No. Tested No. of Rejects 

Describe any observed condition to which 



Are results representative of previous lots? 

failure appears sensitive 



□ YES □ NO 




3. In Process/Manufacturing Failure 




□ Board Test □ System Test 




How manv units failed? 

1. □ DC Failure 



Failed after hours of testing 

n Open □ Short □ Leakage 



Was unit retested at incoming inspection? 

n Power Drain □ Input Level □ Output Level 



□ YES □ NO 

Pin Number 



Are results representative of previous lots? 

2. □ AC Failure 



□ YES □ NO 

Power Supply Voltages = V 



4. Field Failure 

Input Voltages VjH = V Vjl= V 



Failed after hours operation 

Pin Number 



Estimated failure rate % per 

Failing characteristics 



End User Location 




Min. °C Ave. °C Max. °C 




5. Other 

3. □ RAM and ROM Failures (ROM failures must be 




returned with a good master unit if failure 



ACTION REQUESTED BY CUSTOMER 

analysis is requested). 




Address of Failing Location 



Specific Action Requested (Contact PFAST Coordinator for other 




options) 

Describe Pattern Used (If not standard 



□ Test Sample for Correlation Only 

patterns, give very complete description 



□ Test Sample for Product Return >$5k 

including address seauencel. 



□ Failure Analysis 




□ Other 




Impact of Failed Units on Customer's Situation: 

Include timing diagrams and circuit schematic if available. 




ROM Programmer Used (If purchased 




unprogrammedl 



Customer Contact with Specific Knowledge of Rejects 




Name 




Position Phone 

Conformal Coating (Mfgr/Modell 







Additional Comments: 


FIGURE?. PFAST ACTION REQUEST 
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INSTRUCTIONS FOR COMPLETING PFAST ACTION REQUEST FORM 

The purpose of this form is to help us provide you with a more accurate, complete, and timely response to failures which may occur. 
Accurate and complete information is essential to ensure that the appropriate corrective action can be implemented. Due to this need for 
accurate and complete information, requests without a completed PFAST Action Request form will be returned. 

Source of Problem: 

This section requests the product flow leading to the failure. Mark an ‘X’ in the appropriate boxes up to and including the step which 
detected the failure. Also mark an ‘X’ in the appropriate box under “ARE RESULTS REPRESENTATIVE OF PREVIOUS LOTS?” to 
indicate whether this is a rare failure or a repeated problem. 

Example 1. No incoming electrical test was performed; the units Example 2.100 out of the 500 units shipped were tested at incom- 

were installed onto boards; the boards functioned correctly for two ing and all passed. The units were installed into boards and the 
hours and then 1 unit failed. The customer rarely has a failure due to boards passed. The boards were installed into the system and the 

the Harris device. system failed immediately when turned on. There were 3 system 

failures due to this part. The customer frequently has failures of 
this Harris device. The 3 units were not retested at incoming. 




Action Requested by Customer: 

This section should be completed with the customer’s expectations. This information if essential for an appropriate response. 

Reason for Electrical Reject: 

This section should be completed if the type of failure could be identified. If this information is contained in attached customer corre¬ 
spondence there is no need to transpose onto the PFAST Action Request form. 

PFAST REQUIREMENTS 

The value of returning failing products is in the corrective actions that are generated. Failure to meet the following requirements can 

cause erroneous conclusion and corrective action; therefore, failure to meet these requirements will result in the request being returned. 

Contact the local PFAST Coordinator if you have any questions. 

Units with conformal coating should include the coating manufacturer and model. This is requested since the coating must be removed in 

order to perform electrical and hermeticity testing. 

1. Units must be returned with proper ESD protection (ESD-safe shipping tubes within shielding box/bag or inserted into conductive 
foam within shielding box/bag). No tape, paper bags, or plastic bags should be used. This requirement ensures that the devices are not 
damaged during shipment back to Harris. 

2. Units must be intact (lid not removed and at least part of each package lead present). This is a requirement since the parts must be intact in 
order to perform electrical test. Also, opening the package can remove evidence of the cause of failure and lead to an incorrect conclusion. 

3. Programmable parts (ROMs, PROMs, UVEPROMs, and EEPROMs) must include a master unit with the same pattern. This require¬ 
ment is to provide the pattern so all failing locations can be identified. A master unit is required if a failure analysis is requested. 

FIGURE 7. PFAST ACTION REQUEST (Continued) 


SOURCE OF PROBLEM 

(Enter the sequence of events in the boxes provided) 

1. Visual/Mechanical 

□ Describe_ 

2. INCOMINO IBsT □ Not Performed 

□ lCX)%TfesTED IQ Sample Tested 

No. TESTED 100 NO. OF Rejects 0 

Are results representative of previous lots? 
Q YES □ NO 

3. In Process/Manufacturino Failure 

Bboard Test B System Test 

How MANY UNITS FAILED? ^ 

Failed after 0 hours of testing 
Was unit retested at incoming inspection? 

□ YES B NO 

Are results representattve of previous lots? 

B YES □ NO 

4. Field Failure 

Failed after_hours operation 

Estimated failure rate % per_ 

End User_Location_ 

Min. _'C AvE._'C Max._’C 

5. Other_ 


SOURCE OF PROBLEM 

(Enter the sequence of events in the boxes provided) 

1. Visual/Mechanical 

□ Describe_ 

2. Incoming TEST B Not Performed 

□ 100 % Tested □ Sample tested 

No. Tested _No. of Rejects_ 

ARE results representative of previous lots? 

□ YES □ NO 

3. IN Process/Manufacturino Failure 

Bboard test □ System test 

How MANY units FAILED? ^ 

Failed after Z hours of testing 
Was unit retested at incoming inspection? 

□ YES B NO 

Are results representative of previous lots? 

□ YES B NO 

4. Field Failure 

Failed after_hours operation 

Estimated failure rate_ % per_ 

End User_Location_ 

MiN. _’C Ave._ 'C Max._ ‘C 

5. Other_ 
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Product Analysis Lab 

The Product Analysis Laboratory capabilities and charter 
encompass the isolation and identification of failure modes 
and mechanisms, preparing comprehensive technical 
reports, and assigning appropriate corrective actions. The 
primary activities of the Product Analysis Lab are electrical 
verification/characterization of the failure, package inspec¬ 
tion/analysis, die inspection/analysis, and circuit isoia- 
tion/probing. A variety of tools and techniques have been 
developed to ensure the accuracy and integrity of the prod- 
uct analysis. This section lists some of the tools and tech¬ 
niques that are employed during a typical analysis. 

The electrical verification/characterization of devices failing 
electrical parameters Is essential prior to performing an anal¬ 
ysis. The Information obtained from the electrical verification 
provides a direction for the analysis efforts. The following 
electrical verification/characterization equipment may be 
used to obtain electrical data on a device; 

• HP82000M Mixed Signal Tester 

• LV500 ASIC verification system 

• LTS2020 Analog tester 

• Curve Tracer 

• Parametric Analyzer 

Prior to die level analysis, package inspection and analysis 
are performed. These steps are performed routinely since 
valuable data may not be obtainable once the package is 
opened. The package inspection and analysis may require 
the use of some of the following lab equipment; 

• X-Ray 

• C-Mode Scanning Acoustic Microscope (C-SAM) 

• Optical inspection microscopes 

• Package opening tools and techniques 


Once the device has been opened, die inspection and analy¬ 
sis can be performed. Depending on the type of failure, sev¬ 
eral tools and techniques may be used to identify the failure 
mechanism. Usually the faster and easier to use operations 
are performed first in an attempt to expedite the analysis. 
The list of equipment and techniques for performing die 
inspection and analysis is as follows; 

• Optical microscopes 

• Liquid crystal 

• Emission microscope 

• Scanning electron microscopes - SEM 

The final step of circuit isolation is ready to be performed 
when an area of the circuit has been identified as the source 
of the problem through one of the previous analysis efforts. 
Circuit analysis is performed using the following probing and 
isolation tools; 

• Mechanical probing 

• Laser cutter and isolation 

• E-Beam probing 

• Cross sectioning and chemical deprocessing 

A typical analysis flow is shown in the Figure 8 below. The exact 
analysis steps and sequence are determined as the situation 
dictates. For the analysis to be conclusive, it is essential that the 
failure mechanism correlates to the initial product failure condi¬ 
tions. Some failure mechanisms require elemental and chemi¬ 
cal analysis to identify the root cause within the manufacturing 
process. Elemental and chemical analysis tasks are sent to the 
Analytical Services Lab for further evaluation. 

The results of each analysis are entered into a computer 
data base. This data base is used to search for specific 
types of problems, to identify trends, and to verify that the 
corrective actions were effective. 



NON-DESTRUCTIVE DESTRUCTIVE 

FIGURE 8. ANALYSIS SEQUENCE 
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Analytical Services Laboratory 

Chemical and physical analysis of materials and processes is 
an Integral part of Harris’ Total Quality/Continuous 
Improvement efforts to build reliability into processes and 
products. Manufacturing operations are supported with real¬ 
time analyses to help maintain robust processes. Analyses 
are run in cooperation with raw material suppliers to help them 
provide controlled materials in dock-to-stock procurement 
programs. 

Harris facilities, engineering, manufacturing, and product 
assurance are supported by the Analytical Services 
Laboratory. Organized into chemical or microbeam analysis 
methodology, staff and instrumentation from both labs 
cooperate in fully Integrated approaches necessary to 
complete analytical studies. 

The department also maintains ongoing working 
arrangements with commercial laboratories, universities, and 
equipment manufacturers to obtain any materials analysis in 
cases where instrumental capabilities are not available in our 
own facility. Figure 9 and Figure 10 show the capabilities of 
each area. 


MiCROBEAM LABORATORY 
I-1 


ELECTRON 

BEAM 


X-RAY 

ANALYSIS 



FIGURE 9. MICROBEAM LABORATORY 


CHEMISTRY LABORATORY 

I-1-1-1 

SPECTROSCOPY SEPARATION METHODS THERMAL ANALYSIS PHYSICAL TESTING 



FIGURE 10. CHEMISTRY LABORATORY 
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Reliability Fundamentals and Calculation 
of Failure Rate 

Table 9 defines some of the more important terminology used 
in describing the lifetime of integrated circuits. Of prime 
importance is the concept of “failure rate” and its calculation. 

Failure Rate Calculations 

Since reliability data can be accumulated from a number of 
different life tests with several different failure mechanisms, a 
comprehensive failure rate is desired. The failure rate 
calculation can be complicated if there are more than one 
failure mechanism in a life test, since the failure mechanisms 
are thermally activated at different rates The equation below 
accounts for these considerations along with a statistical 
factor to obtain the upper confidence level (UCL) for the 
resulting failure rate. 


p x, 

X= -!- 

* = 1 £TDHjAFi, 

L 1 = 1 


X = failure rate in FITs (Number fails in 10® device hours) 

= number of distinct possible failure mechanisms 
k = number of life tests being combined 

Xj = number of failures for a given failure mechanism 

1 = 1,2, ...p 

TDHj = Total device hours of test time (unaccelerated) for Life Test 
j.j = 1,2, 3,...k 

AFjj = Acceleration factor for appropriate failure mechanism i = 1, 

2,...k 

M= X2(a, 2r + 2/2 

where, 

= chi square factor for 2r + 2 degrees of freedom 
r = total number of failures (I Xj) 
a = risk associated with UCL; 
l.e.a=(100-UCL(%))/100 

In the failure rate calculation. Acceleration Factors (AFy) are 
used to derate the failure rate from the thermally accelerated 
life test conditions to a failure rate indicative of actual use 
temperature. Although no standard exists, a temperature of 
+55°C has been popular. Harris Semiconductor Reliability 
Reports will derate to +55°C and will express failure rates at 
60% UCL. Other derating temperatures and UCLs are 
available upon request. 


Failure Rate X 


FIT (Failure In Time) 


Device Hours 


MTTF (Mean Time To Failure) 


Confidence Level (or Limit) 


Acceleration Factor (AF) 


TABLE 9. FAILURE RATE PRIMER 


DEFINITIONS/DESCRIPTION 


Measure of failure per unit of time. The early life failure rate is typically higher, decreases slightly, 
and then becomes relatively constant over time. The onset of wear-out will show an increasing fail¬ 
ure rate, which should occur well beyond useful life. The useful life failure rate Is based on the ex¬ 
ponential life distribution. 


Measure of failure rate in 10® device hours; e.g., 1 FIT = 1 failure in 10® device hours, 100 FITS = 
100 failure in 10® device hours, etc. 


The summation of the number of units in operation multiplied by the time of operation. 


Mean of the life distribution for the population of devices under operation or expected lifetime of an 
Individual, MTTF = 1/X, which is the time where 63.2% of the population has failed. Example: For 
X = 10 FITS (or 10 E-9/Hr.), MTTF = 1/X = 100 million hours. 


Probability level at which population failure rate estimates are derived from sample life test: 10 FITs 
at 95% UCL means that the population failure rate is estimated to be no more that 10 FITs with 95% 
certainty. The upper limit of the confidence interval is used. 


A constant derived from experimental data which relates the times to failure at two different stresses. 
The AF allows extrapolation of failure rates from accelerated test conditions to use conditions. 
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Acceleration Factors 

Acceleration factor is determined from the Arrhenius 
Equation. This equation is used to describe physiochemicai 
reaction rates and has been found to be an appropriate model 
for expressing the thermal acceleration of semiconductor 
failure mechanisms. 

AF = EXP[^(^J-!-j 

L'^'^'uSE 'STRESS^J 


where, 

AF = Acceleration Factor 
Eg = Thermal Activation Energy (See Table 10) 
k = Boltzmann’s Constant (8.63 x 10‘5 eV/°K) 

Both Tjjse and Tgtress degrees Kelvin) include the internal 
temperature rise of the device and therefore represent the 
junction temperature. 


Activation Energy 

The Activation Energy (Eg) of a failure mechanism is 
determined by performing at least two tests at different levels 
of stress (temperature and/or voltage). The stresses will 
provide the time to failure (tf) for the two (or more) populations 
thus allowing the simultaneous solution for the activation 
energy as follows; 


In (tfi) = C 4- Ea 
kTi 


In (tf 2 ) - C 


By subtracting the two equations and solving for the activation 
energy, the following equation is obtained; 

k[ln(tj^)-ln(t^2>5 

■ (1/T1 -1/T2) 


Eg = Thermal Activation Energy (See Table 10) 
k = Boltzmann’s Constant (8.63 x 1eV/°K) 


Ti, T 2 = Ufa test temperatures in degrees Kelvin 


TABLE 10. FAILURE MECHANISM 


FAILURE 

MECHANISM 

ACTIVATION 

ENERGY 

SCREENING AND 

TESTING METHODOLOGY 

CONTROL METHODOLOGY 

Oxide Defects 

0.3eV - O.SeV 

High temperature operating life (HTOL) and 
voltage stress. Defect density test vehicles. 

Statistical Process Control of oxide parameters, 
defect density control, and voltage stress testing. 

Silicon Defects 
(Bulk) 

0.3eV - 0.5eV 

HTOL and voltage stress screens. 

Vendor statistical Quality Control programs, and 
Statistical Process Control on thermal processes. 

Corrosion 

0.45eV 

Highly accelerated stress testing (HAST) 

Passivation dopant control, hermetic seal control, 
improved mold compounds, and product han¬ 
dling. 

Assembly 

O.SeV - 0.7eV 

Temperature cycling, temperature and 

Vendor Statistical Quality Control programs. 


Electromigration 

- Al Line 

- Contact 


Mask Defects/ 

Photoresist 

Defects 


Contamination 


Charge Injection 



mechanical shock, and environmental 
stressing. 


Test vehicle characterizations at highly 
elevated temperatures. 


Statistical Process Control of assembly process¬ 
es, proper handling methods. 


Design ground rules, wafer process statistical 
process steps, photoresist, metals and 
passivation. 


Mask FAB comparator, print checks, defect Clean room control, clean mask, pellicles, 
density monitor In FAB, voltage stress test Statistical Process Control of photoresist/etch 
and HTOL. processes. 


C-V stress at oxIde/interconnect, wafer FAB Statistical Process Control of C-V data, oxide/ 
device stress test and HTOL. interconnect cleans, high integrity glassivatlon 

and clean assembly processes. 


HTOL and oxide characterization. 


Design ground rules, wafer level Statistical 
Process Control and critical dimensions for 
oxides. 
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Communications Package Seiection Guide 


PART 

NUMBER 

CA3045 

CA3046 

CA3081 

CA3082 

CA3083 

CA3086 

CA3096 

CA3096A 

CA3096C 

CA3127 

CA3146 

CA3146A 

CA3183 

CA3183A 

CA3227 

CA3246 

CD22100 

CD22101 

CD22102 

CD22103A 

CD22202 

i nn, .- .—.—.- 

CD22203 

!cD22204 

CD22301 

CD22354A 

CD22357A 

CD22859 

CD22M3493 

CD22M3494 

CD74HC22106 

CD74HCT22106 

CXD2306 

CXD2310A 

CX20201-1 

CX20202-1 

HC-5502B 

HC-5502B1 
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-Hermetic Packages for Integrated Circuits 

Ceramic Dual-ln-Line Metal Seal Packages (SBDIP) 


Cl LEAD FINISH 


D14.3 MiL-STD-1835 CDIP2-T14 (D-1, CONFIGURATION C) 
14 LEAD CERAMIC DUAL-IN-LINE METAL SEAL PACKAGE 


MILLIMETERS 
MIN I M^ 


MAX I NOTES 


5.08 





1. Index area: A notch or a pin one identification mark shall be locat¬ 
ed adjacent to pin one and shall be located within the shaded 
area shown. The manufacturer’s identification shall not be used 
as a pin one identification mark. 

2. The maximum limits of lead dimensions b and c or M shall be 
measured at the centroid of the finished lead surfaces, when 
solder dip or tin plate lead finish is applied. 

3. Dimensions b1 and cl apply to lead base metal only. Dimension 
M applies to lead plating and finish thickness. 

4. Corner leads (1, N, N/2, and N/2+1) may be configured with a 
partial lead paddle. For this configuration dimension b3 replaces 
dimension b2. 

5. Dimension Q shall be measured from the seating plane to the 
base plane. 

6. Measure dimension S1 at all four corners. 

7. Measure dimension S2 from the top of the ceramic body to the 
nearest metallization or lead. 

8. N is the maximum number of terminal positions. 

9. Braze fillets shall be concave. 

10. Dimensioning and tolerancing per ANSI Y14.5M -1982. 

11. Controlling dimension: INCH. 
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D16.3 MIL-STD-1835 CDiP2-T16 (D-2, CONFIGURATION C) 
16 LEAD CERAMIC DUAL-IN-LINE METAL SEAL PACKAGE 


MAX I NOTES 



1. Index area: A notch or a pin one identification mark shall be locat¬ 
ed adjacent to pin one and shall be located within the shaded 
area shown. The manufacturer’s identification shall not be used 
as a pin one identification mark. 

2. The maximum limits of lead dimensions b and c or M shall be 
measured at the centroid of the finished lead surfaces, when 
solder dip or tin plate lead finish is applied. 

3. Dimensions b1 and cl apply to lead base metal only. Dimension 
M applies to lead plating and finish thickness. 

4. Corner leads (1, N, N/2, and N/2+1) may be configured with a 
partial lead paddle. For this configuration dimension b3 replaces 
dimension b2. 

5. Dimension Q shall be measured from the seating plane to the 
base plane. 

6. Measure dimension SI at ail four corners. 

7. Measure dimension S2 from the top of the ceramic body to the 
nearest metallization or lead. 

8. N is the maximum number of terminal positions. 

9. Braze fillets shall be concave. 

10. Dimensioning and tolerancing per ANSI Y14.5M -1982. 

11. Controlling dimension: INCH. 
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Ceramic Dual-ln-Line Metal Seal Packages (SBDIP) 









1. Index area: A notch or a pin one identification mark shall be locat¬ 
ed adjacent to pin one and shall be located within the shaded 
area shown. The manufacturer’s identification shall not be used 
as a pin one identification mark. 

2. The maximum limits of lead dimensions b and c or M shall be 
measured at the centroid of the finished lead surfaces, when 
solder dip or tin plate lead finish is applied. 

3. Dimensions b1 and cl apply to lead base metal only. Dimension 
M applies to lead plating and finish thickness. 

4. Corner leads (1, N, N/2, and N/2+1) may be configured with a 
partial lead paddle. For this configuration dimension b3 replaces 
dimension b2. 

5. Dimension Q shall be measured from the seating plane to the 
base plane. 

6. Measure dimension S1 at all four comers. 

7. Measure dimension S2 from the top of the ceramic body to the 
nearest metallization or lead. 

8. N is the maximum number of terminal positions. 

9. Braze fillets shall be concave. 

10. Dimensioning and tolerancing per ANSI Y14.5M - 1982. 

11. Controlling dimension: INCH. 


D40.6 MIL-STD-1835 CDIP2-T40 
40 LEAD CERAMIC DUAL-IN-LINE 


(D-5, CONFIGURATION C) 
METAL SEAL PACKAGE 

MILLIMETERS I 
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1. Index area; A notch or a pin one identification mark shall be locat¬ 
ed adjacent to pin one and shall be located within the shaded 
area shown. The manufacturer’s identification shall not be used 
as a pin one identification mark. 

2. The maximum limits of lead dimensions b and c or M shall be 
measured at the centroid of the finished lead surfaces, when 
solder dip or tin plate lead finish is applied. 

3. Dimensions b1 and c1 apply to lead base metal only. Dimension 
M applies to lead plating and finish thickness. 

4. Corner leads (1, N, N/2, and N/2+1) may be configured with a 
partial lead paddle. For this configuration dimension b3 replaces 
dimension b2. 

5. This dimension allows for off-center lid, meniscus, and glass 
overrun. 

6. Dimension Q shall be measured from the seating plane to the 
base plane. 

7. Measure dimension S1 at all four corners. 

8. N is the maximum number of terminal positions. 

9. Dimensioning and tolerancing per ANSI Y14.5M -1982. 

10. Controlling dimension; INCH. 
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1. Index area: A notch or a pin one identification mark shall be locat¬ 
ed adjacent to pin one and shall be located within the shaded 
area shown. The manufacturer’s Identification shall not be used 
as a pin one identification mark. 

2. The maximum limits of lead dimensions b and c or M shall be 
measured at the centroid of the finished lead surfaces, when 
solder dip or tin plate lead finish is applied. 

3. Dimensions b1 and c1 apply to lead base metal only. Dimension 
M applies to lead plating and finish thickness. 

4. Corner leads (1, N, N/2, and N/2+1) may be configured with a 
partial lead paddle. For this configuration dimension b3 replaces 
dimension b2. 

5. This dimension allows for off-center lid, meniscus, and glass 
overrun. 

6. Dimension Q shall be measured from the seating plane to the 
base plane. 

7. Measure dimension SI at ail four comers. 

8. N is the maximum number of terminal positions. 

9. Dimensioning and tolerancing per ANSI Y14.5M -1982. 

10. Controlling dimension: INCH. 
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Hermetic Packages for Integrated Circuits 


Ceramic Duahin-Lme Frit Seai Packages (CERDIP) 


cl LEAD FINISH 






SEATING 

PLANE 





FI 6.3 MIL-STD-1835 GDIP1-T16 (D-2, CONFIGURATION A) 
16 LEAD CERAMIC DUAL-IN-LINE FRIT SEAL PACKAGE 


1. Index area: A notch or a pin one identification mark shall be locat¬ 
ed adjacent to pin one and shall be located within the shaded 
area shown. The manufacturer’s identification shali not be used 
as a pin one identification mark. 

2. The maximum limits of lead dimensions b and c or M shall be 
measured at the centroid of the finished lead surfaces, when 
solder dip or tin plate lead finish is applied. 

3. Dimensions b1 and cl apply to lead base metal only. Dimension 
M applies to lead plating and finish thickness. 

4. Corner leads (1, N, N/2, and N/2-t-l) may be configured with a 
partial lead paddle. For this configuration dimension b3 replaces 
dimension b2. 

5. This dimension allows for off-center lid, meniscus, and glass 




6. Dimension Q shall be measured from the seating plane to the 
base plane. 

7. Measure dimension S1 at all four corners. 

8. N is the maximum number of terminal positions. 

9. Dimensioning and toierancing per ANSI Y14.5M -1982. 

10. Controlling dimension: INCH. 
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Hermetic Packages for Integrated Circuits 


F24.6 MIL-STD-1835 GDIP1>T24 (D-3, CONFIGURATION A) 
24 LEAD CERAMIC DUAL-IN-LINE FRIT SEAL PACKAGE 



1. Index area: A notch or a pin one identification mark shall be locat¬ 
ed adjacent to pin one and shall be located within the shaded 
area shown. The manufacturer’s identification shall not be used 
as a pin one identification mark. 

2. The maximum limits of lead dimensions b and c or M shall be 
measured at the centroid of the finished lead surfaces, when 
solder dip or tin plate lead finish is applied. 

3. Dimensions b1 and c1 apply to lead base metal only. Dimension 
M applies to lead plating and finish thickness. 

4. Comer leads (1, N, N/2, and N/2+1) may be configured with a 
partial lead paddle. For this configuration dimension b3 replaces 
dimension b2. 

5. This dimension allows for off-center lid, meniscus, and glass 
overrun. 

6. Dimension Q shall be measured from the seating plane to the 
base plane. 

7. Measure dimension S1 at all four corners. 

8. N is the maximum number of terminal positions. 

9. Dimensioning and tolerancing per ANSI Y14.5M -1982. 

10. Controlling dimension: INCH. 
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Hermetic Packages for Integrated Circuits 


Ceramic Dual-ln-une Frit Seal Packages (CERDIP) 


Cl LEAD FINISH 


BASE 4 
METAL J 




SEATING 

PLANE 







F28.6 MIL-STD-1835 GDIP1-T28 
28 LEAD CERAMIC DUAL-IN-LINE 


(D-10, CONFIGURATION A) 
FRIT SEAL PACKAGE 


1. Index area; A notch or a pin one identification mark shall be locat¬ 
ed adjacent to pin one and shall be located within the shaded 
area shown. The manufacturer’s identification shall not be used 
as a pin one identification mark. 

2. The maximum limits of lead dimensions b and c or M shall be 
measured at the centroid of the finished lead surfaces, when 
solder dip or tin plate lead finish is applied. 

3. Dimensions b1 and c1 apply to lead base metal only. Dimension 
M applies to lead plating and finish thickness. 

4. Corner leads (1, N, N/2, and N/2+1) may be configured with a 
partial lead paddle. For this configuration dimension b3 replaces 
dimension b2. 

5. This dimension allows for off-center lid, meniscus, and glass 
overrun. 

6. Dimension Q shall be measured from the seating plane to the 
base plane. 

7. Measure dimension SI at all four comers. 

8. N is the maximum number of terminal positions. 

9. Dimensioning and tolerancing per ANSI Y14.5M -1982. 

10. Controlling dimension: INCH. 
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Hermetic Packages for Integrated Circuits 


Ceramic Pin Grid Array Packages (CPGA) 
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INDEX CORNER 
SEE NOTE 9 
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■►B 
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SECTION B>B 


SEATING PLANE 
^AT STANDOFF 

I— k 



—|Q|— 
SECTION A-A 



00.030 

1) c 


00.010 @ 

) C 


*|L|* 

A1 

k Q 


G48.A 

48 LEAD CERAMIC PIN GRID ARRAY PACKAGE 


MILLIMETERS 


SYMBOLI 


A 

Al 

b 

b1 

b2 

C " 

5 

- 

El 


0.700 BSC 
0.790 I 0.810 
0.700 BSC 
0.100 BSC 


17.78 BSC 
20.07 I 20.57 
17.78 BSC 
2.54 BSC 


Rev. 1 6/28/95 

NOTES: 

1. “M” represents the maximum pin matrix size. 

2. “N” represents the maximum aiiowabie number of pins. Number 
of pins and location of pins within the matrix is shown on the 
pinout listing in this data sheet. 

3. Dimension “Al” includes the package body and Lid for both cav- 
Ity-up and cavity-down configurations. This package is cavity up. 
Dimension “Al” does not include heatsinks or other attached 
features. 

4. Standoffs are intrinsic and shall be located on the pin matrix di¬ 
agonals. The seating plane is defined by the standoffs at dimen¬ 
sions Q. 

5. Dimension “Q” applies to cavity-up configurations only. 

6. All pins shall be on the 0.100 inch grid. 

7. Datum C is the plane of pin to package interface for both cavity 
up and down configurations. 

8. Pin diameter includes solder dip or custom finishes. Pin tips shall 
have a radius or chamfer. 

9. Corner shape (chamfer, notch, radius, etc.) may vary from that 
shown on the drawing. The index comer shall be clearly unique. 

10. Dimension “S” Is measured with respect to datums A and B. 

11. Dimensioning and tolerancing per ANSI Y14.5M-1982. 

12. Controlling dimension: INCH. 
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Hermetic Packages for integrated Circuits 


Ceramic Pin Grid Array Packages (CPGA) 



G84.A MIL-STD-1835 CMGA3-P84C (P-AC) 

84 LEAD CERAMIC PIN GRID ARRAY PACKAGE 


SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN 

MAX 

MIN 

MAX 

A 

0.215 

0.345 

5.46 

8.76 

- 

A1 

0.070 

0.145 

1.78 

3.68 

3 

b 

0.016 

0.0215 

0.41 

0.55 

8 

b1 

0.016 

0.020 

0.41 

0.51 

- 

b2 

0.042 

0.058 

1.07 

1.47 

4 

C 

- 

0.080 

- 

2.03 

- 

D 

1.140 

1.180 

28.96 

29.97 

• 

D1 

1.000 BSC 

25.4 BSC 

- 

E 

1.140 1 1.180 

28.96 1 29.97 

- 

El 

1.000 BSC 

25.4 BSC 


e 

0.100 BSC 

2.54 BSC 

6 

k 

0.008 REF 

0.20 REF 

- 

L 

0.120 

0.140 

3.05 

3.56 

- 

Q 

0.040 

0.060 

1.02 

1.52 

5 

S 

0.000 BSC 

0.00 BSC 

10 

SI 

0.003 


0.08 

■ 

- 

M 

11 

11 

1 

N 

1 121 

1 121 

2 


Rev. 1 6/28/95 


NOTES: 

1. “M” represents the maximum pin matrix size. 

2. “N” represents the maximum allowable number of pins. Number 
of pins and location of pins within the matrix is shown on the 
pinout listing in this data sheet. 

3. Dimension “At” Includes the package body and Lid for both cav- 
Ity-up and cavity-down configurations. This package Is cavity up. 
Dimension “A1” does not include heatsinks or other attached 
features. 

4. Standoffs are intrinsic and shall be located on the pin matrix di¬ 
agonals. The seating plane is defined by the standoffs at dimen¬ 
sions Q. 

5. Dimension “Q” applies to cavity-up configurations only. 

6. All pins shall be on the 0.100 inch grid. 

7. Datum C is the plane of pin to package interface for both cavity 
up and down configurations. 

8. Pin diameter includes solder dip or custom finishes. Pin tips shall 
have a radius or chamfer. 

9. Comer shape (chamfer, notch, radius, etc.) may vary from that 
shown on the drawing. The index corner shall be clearly unique. 

10. Dimension “S” is measured with respect to datums A and B. 

11. Dimensioning and tolerancing per ANSI Y14.5M-1982. 

12. Controlling dimension: INCH. 






Hermetic Packages for Integrated Circuits 


Ceramic Pin Grid Array Packages (CPGA) 


G85.A MIL-STD-1835 CMGA3-P8SC (P-AC) 

85 LEAD CERAMIC PIN GRID ARRAY PACKAGE 


MILUMETERS 
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' INDEX CORNER 
SEE NOTE 9 




SECTION B-B 


SEATING PLANE 
/AT STANDOFF 







Rev. 1 6/21/95 


1. “M” represents the maximum pin matrix size. 

2. “N" represents the maximum ailowabie number of pins. Number 
of pins and iocation of pins within the matrix is shown on the 
pinout listing in this data sheet. 

3. Dimension “Al” includes the package body and Lid for both cav¬ 
ity-up and cavity-down configurations. This package is cavity up. 
Dimension “Al” does not include heatsinks or other attached 
features. 

4. Standoffs are intrinsic and shail be located on the pin matrix di- 
agonais. The seating plane is defined by the standoffs at dimen¬ 
sions Q. 

5. Dimension “Q” applies to cavity-up configurations oniy. 

6. Ali pins shail be on the 0.100 Inch grid. 

7. Datum C is the piane of pin to package interface for both cavity 
up and down configurations. 

8. Pin diameter inciudes solder dip or custom finishes. Pin tips shail 
have a radius or chamfer. 

9. Comer shape (chamfer, notch, radius, etc.) may vary from that 
shown on the drawing. The index corner shaii be clearly unique. 

10. Dimension “S” is measured with respect to datums A and B. 

11. Dimensioning and toierancing per ANSi Y14.5M-1982. 

12. Controliing dimension: INCH. 
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Hermetic Packages for Integrated Circuits 


Ceramic Pin Grid Array Packages (CPGA) 


G145.A MIL-STD-1835 CMGA7-P145C (P-AG) 
145 LEAD CERAMIC PIN GRID ARRAY PACKAGE 

I I INCHES I MILLIMETERS 


. vy©©©©© @©©©© (|) I i 
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INDEX CORNER 
SEE NOTE 9 




SECTION B-B 


SEATING PLANE 
y'AT STANDOFF 

I— k 


♦ ~ A1 
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1. “M” represents the maximum pin matrix size. 

2. “N” represents the maximum aiiowabie number of pins. Number 
of pins and iocation of pins within the matrix is shown on the 
pinout iisting in this data sheet. 

3. Dimension “At” inciudes the package body and Lid for both cav- 
ity-up and cavity-down configurations. This package is cavity up. 
Dimension “Af” does not inciude heatsinks or other attached 
features. 

4. Standoffs are intrinsic and shali be iocated on the pin matrix di- 
agonais. The seating plane is defined by the standoffs at dimen¬ 
sions Q. 

5. Dimension “Q” applies to cavity-up configurations only. 

6. All pins shall be on the 0.100 inch grid. 

7. Datum C is the plane of pin to package interface for both cavity 
up and down configurations. 

8. Pin diameter includes solder dip or custom finishes. Pin tips shall 
have a radius or chamfer. 

9. Corner shape (chamfer, notch, radius, etc.) may vary from that 
shown on the drawing. The index comer shall be clearly unique. 

10. Dimension “S” is measured with respect to datums A and B. 

11. Dimensioning and tolerancing per ANSI Y14.5M-1982. 

12. Controlling dimension: INCH. 
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Hermetic Packages for Integrated Circuits 


Tape Automated Bonding Packages (TAB) 



□ □ 


2xr^ 



SUPPORT 

RING 


^0^aaa0|A|B■c©|P( 

A-A 

- OLB WINDOW 


SECTION A-A 


S84.A 

84 LEAD TAPE AUTOMATED BONDING PACKAGE 


INCHES 


MILLIMETERS 


MIN 

MAX 

MIN 

MAX 

- 

0.034 

- 

0.86 

0.002 

0.004 

0.05 

0.10 

0.0010 

0.0018 

0.025 

0.046 

0.019 

0.021 

0.47 

0.53 

0.023 

0.028 

0.60 

0.70 

0.559 

0.569 

14.20 

14.45 

0.562 

0.572 

14.27 

14.53 

0.410 

0.420 

10.41 

10.67 

0.409 

0.419 

10.39 

10.64 

0.300 

0.310 

7.62 

7.87 

0.300 

0.310 

7.62 

7.87 


0.500 BSC 


0.531 BSC 


1.061 BSC 


1.372 

1.382 

34.85 

1.244 

1.314 

31.62 

0.345 

0.351 

8.77 

0.344 

0.350 

8.74 

0.360 

0.370 

9.14 

0.358 

0.368 

9.09 


0.015 BSC 
0.016 BSC 


12.70 BSC 


13.475 BSC 


26.95 BSC 


.03 35.10 

i2 33.37 

T7 8.92 

74 8.89 

^14 9.40 

!o9 9.35 

0.38 BSC 
0.40 BSC 


0.057 I 1.39 


0.055 I 0.057 
1.253 BSC 
0.187 BSC 
0.003 


31.83 BSC 
4.75 BSC 


1. All dimensioning and tolerancing per ANSI Y14.5M- 
1982. 

2. Controlling dimension is MILLIMETERS except for di¬ 
mensions b, c and e which are in INCHES. 

3. Dimensions D1/E1 define the package “body size”. 

4. Dimensions D2/E2 define the maximum allowable di¬ 
mension between the outside edges of the outermost 
leads. This dimension provides necessary clearance 
from the OLB window corners for excise operations. 

5. This dimension applies to ail test pads. 

6. All lead and test pad arrays shall be arranged In a sym¬ 
metric configuration with respect to datums D or B-C. 

7. Dimensions b and c apply to base material only. 

8. Lead Material: Copper 

Lead Finish: Gold over nickel underplate 

9. Film format and test pads per JEDEC US-001, Ax - 2x. 
10. TAB packages shipped in slide carriers per JEDEC 

CS-006 with the leads unformed (flat). 
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Hermetic Packages for Integrated Circuits 


Tape Automated Bonding Packages (TAB) 


SI 56. A 

156 LEAD TAPE AUTOMATED BONDING PACKAGE 



.E2—»-i SUPPORT 

I I ^ RING 


D D1 D8 D2 -+ - 


A B-CtS^D 


: A-A 

— OLB WINDOW 


SECTION A-A 


NOTES: 

1. Ail dimensioning and tolerancing per ANSI Y14.5M- 
1982. 

2. Controlling dimension is MILLIMETERS except for di¬ 
mensions b, c and e which are in INCHES. 

3. Dimensions D1/E1 define the package "body size”. 

4. Dimensions D2/E2 define the maximum allowable di¬ 
mension between the outside edges of the outermost 
leads. This dimension provides necessary clearance 
from the OLB window comers for excise operations. 

5. This dimension applies to ail test pads. 

6. All lead and test pad arrays shall be arranged in a sym¬ 
metric configuration with respect to datums D or B-C. 

7. Dimensions b and c apply to base material only. 

8. Lead Material: Copper 

Lead Finish: Gold over nickel underplate 

9. Film format and test pads per JEDEC US-001, Ax - 2x. 

10. TAB packages shipped in slide carriers per JEDEC 

CS-006 with the leads unformed (flat). 


9-18 

























































































































































- Plastic Packages for Integrated Circuits 

Dual-ln-Line Plastic Packages (PDIP) 


' ( 

(I- 

•Si 2 3 

Ln 2. i 


SEATING 

PLANE 








f 


] 0.010 (0.25)01 C I A I B(^ 


1. Controlling Dimensions: INCH. In case of conflict between 
English and Metric dimensions, the inch dimensions control. 

2. Dimensioning and toierancing per ANSi Y14.5M>1982. 

3. Symbois are defined in the “MO Series Symboi Lisf in Section 
2.2 of Publication No. 95. 

4. Dimensions A, A1 and L are measured with the package seated 
in JEDEC seating plane gauge GS-3. 

5. D, D1, and E1 dimensions do not inciude mold flash or protru¬ 
sions. Mold flash or protrusions shaii not exceed 0.010 inch 
(0.25mm). 

6. E and are mea sured with the leads constrained to be per- 
pendicul^to datum | -C-| . 

7. eg and ec are measured at the lead tips with the leads uncon¬ 
strained. ec must be zero or greater. 

8. B1 maximum dimensions do not inciude dambar protrusions. 
Dambar protrusions shaii not exceed 0.010 inch (0.25mm). 

9. N is the maximum number of terminal positions. 

10. Corner ieads (1, N, N/2 and N/2 +1) for E8.3, El 6.3, El 8.3, 
E28.3, E42.6 will have a B1 dimension of 0.030 - 0.045 inch 
(0.76-1.14mm). 


E8.3 (JEDEC MS-001-BA ISSUE D) 

8 LEAD DUAL-IN-LINE PLASTIC PACKAGE 


SYMBOL 

A 

A1 

A2 

B 

B1 

C 

5 

Dl 

- 


INCHES 1 

1 MILLIMETERS 

MIN 

MAX 

MIN 

MAX 

- 

0.210 

- 

5.33 

0.015 

- 

0.39 

- 

0.115 

0.195 

2.93 

4.95 

0.014 

0.022 

0.356 

0.558 

0.045 

0.070 

1.15 

1.77 

0.008 

0.014 

0.204 

0.355 

0.355 

0.400 

9.01 

10.16 

0.005 

- 

0.13 

- 

0.300 

0.325 

7.62 

8.25 

0.240 

0.280 

6.10 

7.11 

0.100 BSC 

2.54 BSC 

0.300 BSC 

7.62 BSC 

- 

0.430 

- 

10.92 

0.115 

0.150 

2.93 

3.81 


Rev. 0 12/93 
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Plastic Packages for Integrated Circuits 


Dual-In-Line Plastic Packages (PDIP) 




1 ( 

( r 

^1 2 3 

AS2. » 


BASE I 
PLANE 

SEATING^ 
PLANE n 



B1 ^ 


ec-^ U- C-^ 
|o .010 (O.25)0| C I A I B©"| ' 


1. Controlling Dimensions: INCH, in case of conflict between 
English and Metric dimensions, the inch dimensions control. 

2. Dimensioning and tolerancing per ANSI Y14.5M-1982. 

3. Symbols are defined in the “MO Series Symbol Lisf in Section 
2.2 of Publication No. 95. 

4. Dimensions A, A1 and L are measured with the package seated 
in JEDEC seating plane gauge QS-3. 

5. D, D1, and El dimensions do not include mold flash or protru- 
sions. Mold flash or protrusions shall not exceed 0.010 inch 
(0.25mm). 

6. E and are mea sured with the leads constrained to be per- 
pendicuISr to datum | -C- | . 

7. ee and ec are measured at the lead tips with the leads uncon¬ 
strained. eQ must be zero or greater. 

8. B1 maximum dimensions do not include dambar protrusions. 
Dambar protrusions shall not exceed 0.010 inch (0.25mm). 

9. N Is the maximum number of terminal positions. 

10. Comer leads (1, N, N/2 and N/2 +1) for E8.3. El 6.3, El 8.3, 
E28.3, E42.6 will have a B1 dimension of 0.030 - 0.045 inch 
(0.76-1.14mm). 


E14.3 (JEDEC MS-001-AA ISSUE D) 

14 LEAD DUAL-IN-LINE PLASTIC PACKAGE 



I INCHES I 

1 MILLIMETERS 

SYMBOL 

MIN 

MAX 

MIN 

MAX 

A 

- 

0.210 

‘ 

5.33 

A1 

0.015 

- 

0.39 

- 

A2 

0.115 

0.195 

2.93 

4.95 

B 

0.014 

0.022 

0.356 

0.558 

B1 

0.045 

0.070 

1.15 

1.77 

C 

0.008 

0.014 

0.204 

0.355 

D 

0.735 

0.775 

18.66 

19.68 

D1 

0.005 

■ 

0.13 

- 

E 

0.300 

0.325 

7.62 

8.25 

E1 

0.240 

0.280 

6.10 

7.11 


0.100 BSC 
0.300 BSC 
I 0.430 
115 0.150 


2.54 BSC 
7 62 BSC 
- pioSa" 
2.93 3.81 

14 


Rev. 0 12/93 
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Plastic 


Dual-ln-Line Plastic Packages (PDIP) 



NOTES: 

1. Controlling Dimensions: INCH. In case of conflict between 
English and Metric dimensions, the inch dimensions control. 

2. Dimensioning and toierancing per ANSI Y14.5M-1982. 

3. Symbols are defined in the “MO Series Symbol Lisf in Section 
2.2 of Publication No. 95. 

4. Dimensions A, A1 and L are measured with the package seated 
in JEDEC seating plane gauge GS-3. 

5. D, D1, and E1 dimensions do not include mold flash or protru¬ 
sions. Mold flash or protrusions shall not exceed 0.010 inch 
(0.25mm). 

6. E and are mea sured with the leads constrained to be per- 
pendiculir to datum | -C-[ . 

7. ee and Oq are measured at the lead tips with the leads uncon¬ 
strained. eo must be zero or greater. 

8. B1 maximum dimensions do not include dambar protrusions. 
Dambar protrusions shall not exceed 0.010 Inch (0.25mm). 

9. N is the maximum number of terminal positions. 

10. Comer leads (1, N, N/2 and N/2 +1) for E8.3, El 6.3, El 8.3, 
E28.3, E42.6 will have a B1 dimension of 0.030 - 0.045 inch 
(0.76-1.14mm). 
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Circuits 


16.3 (JEDEC MS-001-BB ISSUE D) 

LEAD DUAL-IN-LINE PLASTIC PACKAGE 



INCHES 

MILLIMETERS 


YMBOL 

MIN 

MAX 

MIN 

MAX 

NOTES 

A 

- 

0.210 

- 

5.33 

4 

A1 

0.015 

- 

0.39 

- 

4 

A2 

0.115 

0.195 

2.93 

4.95 

■ 

B 

0.014 

0.022 

0.356 

0.558 


B1 

0.045 

0.070 

1.15 

1.77 

8,10 

C 

0.008 

0.014 

0.204 

0.355 

- 

D 

0.735 

0.775 

18.66 

19.68 

5 

D1 

0.005 

- 

0.13 

- 

5 

E 

0.300 

0.325 

7.62 

8.25 

6 

El 

0.240 

0.280 

6.10 

7.11 

5 

e 

0.100 BSC 

2.54 BSC 

- 

©A 

0.300 BSC 

7.62 BSC 

6 

©B 

- 

0.430 

- 

10.92 

7 

L 

0.115 

0.150 

2.93 

3.81 

4 

N 


1 _^_ 

9 
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Plastic lockages for Integrated Circuits 


Dual-ln-Line Plastic Packages (PDIP) 




SEATING 

PLANE 





A1 T 


^o.oio(o.25)0|c|a|b(S) 


KiEl-I 

I -eo— 


1. Controlling Dimensions; INCH. In case of conflict between 
English and Metric dimensions, the inch dimensions control. 

2. Dimensioning and tolerancing per ANSI Y14.5M-1982. 

3. Symbols are defined in the “MO Series Symbol Llsf in Section 
2.2 of Publication No. 95. 

4. Dimensions A, A1 and L are measured with the package seated 
in JEDEC seating plane gauge GS-3. 

5. D, D1, and E1 dimensions do not include mold flash or protru¬ 
sions. Mold flash or protrusions shall not exceed 0.010 inch 
(0,25mm). 

6. E and |eA| are mea sured with the leads constrained to be per- 
pendiculir to datum pC^ . 

7. 6q and ec are measured at the lead tips with the leads uncon¬ 
strained. eo must be zero or greater. 

8. B1 maximum dimensions do not include dambar protrusions. 
Dambar protrusions shall not exceed 0.010 Inch {0.25mm). 

9. N is the maximum number of terminal positions. 

10. Corner leads (1, N, N/2 and N/2 + 1) for E8.3, El 6.3, El 8.3, 
E28.3, E42.6 will have a B1 dimension of 0.030 - 0.045 inch 
(0.76-1.14mm). 


El 8.3 (JEDEC MS-O01-BC ISSUE D) 

18 LEAD DUAL-IN-LINE PLASTIC PACKAGE 


SYMBOL 

A 

A1 

A2 

5 

B1 

5 

5 

m 

I 

El 

e 

Qa 

Qb 

L 

“ f3 


INCHES I 

1 MILLIMETERS 

MIN 

MAX 

MIN 

MAX 

- 

0.210 

- 

5.33 

0.015 

• 

0.39 

- 

0.115 

0.195 

2.93 

4.95 

0.014 

0.022 

0.356 

0.558 

0.045 

0.070 

1.15 

1.77 

0.008 

0.014 

0.204 

0.355 

0.845 

0.880 

21.47 

22.35 

0.005 

- 

0.13 

- 

0.300 

0.325 

7.62 

8.25 

0.240 

0.280 

6.10 

7.11 

0.100 BSC 

2.54 BSC 

0.300 BSC 

7.62 BSC 

- 

0.430 

- 

10.92 

0.115 

0.150 

2.93 

3.81 


Hev. 012/93 


9-22 





Plastic Packages for Integrated Circuits 


Dual-ln-Line Plastic Packages (PDiP) 


a 1 

(I- 

2 3 



E20.3 (JEDEC MS-001-AD ISSUE 0) 

20 LEAD DUAL-IN-LINE PLASTIC PACKAGE 


SEATING 

PLANE 







f IHEH 

ec-^ 1*^— 


j0.010 (O.2S)0| C I A I 


1. Controlling Dimensions: INCH, in case of conflict between 
English and Metric dimensions, the Inch dimensions control. 

2. Dimensioning and tolerancing per ANSI Y14.5M-1982. 

3. Symbols are defined In the “MO Series Symbol Lisf in Section 
2.2 of Publication No. 95. 

4. Dimensions A, A1 and L are measured with the package seated 
in JEDEC seating plane gauge GS-3. 

5. D, D1, and El dimensions do not include mold flash or protru¬ 
sions. Mold flash or protrusions shall not exceed 0.010 inch 
(0.25mm). 

6. E and |eA| are mea sured with the leads constrained to be per- 
pendiculir^to datum [ -C-1 . 

7. ee and Bq are measured at the lead tips with the leads uncon¬ 
strained. ec must be zero or greater. 

8. B1 maximum dimensions do not include dambar protrusions. 
Dambar protrusions shall not exceed 0.010 Inch (0.25mm). 

9. N is the maximum number of terminal positions. 

10. Corner leads (1, N, N/2 and N/2 + 1) for E8.3. El 6.3, El 8.3, 
E28.3, E42.6 will have a B1 dimension of 0.030 - 0.045 Inch 
(0.76- 1.14mm). 


SYMBOL 

A 

Al 

A2 

B 

Bl 

5 

5 

D^ 

£ 

El 

e 

Qa 

Qb 

L 

f3 


MIN 

MAX 

MIN 

- 

0.210 

- 

0.015 

- 

0.39 

0.115 

0.195 

2.93 

0.014 

0.022 

0.356 

0.045 

0.070 

1.55 

0.008 

0.014 

0.204 

0.980 

1.060 

24.89 

0.005 

- 

0.13 

0.300 

0.325 

7.62 

0.240 

0.280 

6.10 


MILLIMETERS 
MIN I MAX 


0.100 BSC 
0.300 BSC 

0.430 
7i5 0.150 


7.62 8.25 

aiO 7.11 

2.54 BSC 
7.62 BSC 
I 10.92 
2!93 3.81 

20 


Rev. 0 12/93 
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Plastic Packages for Integrated Circuits 


Dual-ln-Line Plastic Packages (PDIP) 



SEATING 

PLANE 



"fe] 




O.O1O(O.25)0|c|a|B0] 



E22.4 (JEDEC MS-010-AA ISSUE C) 

22 LEAD DUAL-IN-LINE PLASTIC PACKAGE 


SYMBOL 

A 

A1 

A2 

5 

Bl 

5 

5 

D1 

E 


1. Controlling Dimensbns: INCH. In case of conflict between 
English and Metric dimensions, the inch dimensions control. 

2. Dimensioning and tolerancing per ANSI Y14.5M-1982. 

3. Symbols are defined in the “MO Series Symbol Lisf in Section 
2.2 of Publication No. 95. 

4. Dimensions A, A1 and L are measured with the package seated 
in JEDEC seating plane gauge GS-3. 

5. D, D1, and E1 dimensions do not include mold flash or protru¬ 
sions. Mold flash or protrusions shall not exceed 0.010 inch 
(0.25mm). 

6. Eand [caI are mea sured with the leads constrained to be per- 
pendiculir to datum [ -C- | . 

7. Ob and oq are measured at the lead tips with the leads uncon¬ 
strained. ec must be zero or greater. 

8. B1 maximum dimensions do not include dambar protrusions. 
Dambar protrusions shall not exceed 0.010 inch (0.25mm). 

9. N is the maximum number of terminal positions. 

10. Comer leads (1, N, N/2 and N/2 + 1) for E8.3, El 6.3, El 8.3, 
E28.3, E42.6 will have a B1 dimension of 0.030 - 0.045 inch 
(0.76-1.14mm). 


INCHES 1 

1 MILLIMETERS 

MIN 

MAX 

MIN 

MAX 

- 

0.210 

- 

5.33 

0.015 

- 

0.39 

- 

0.125 

0.195 

3.18 

4.95 

0.014 

0.022 

0.356 

0.558 

0.045 

0.065 

1.15 

1.65 

0.009 

0.015 

0.229 

0.381 

1.065 

1.120 

27.06 

28.44 

0.005 

- 

0.13 

- 

0.390 

0.425 

9.91 

10.79 

0.330 

0.390 

8.39 

9.90 

0.100 BSC 

2.54 BSC 

0.400 BSC 

10.16 BSC 

1 0.500 

- 

12.70 

0.115 

0.160 

2.93 

4.06 
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Plastic Packages for Integrated Circuits 


Dual-ln-Line Plastic Packages (PDIP) 



E24.6 (JEDEC MS-011-AA ISSUE B) 

24 LEAD DUAL-IN-UNE PLASTIC PACKAGE 


SEATING 

PLANE 





■[ 0.010 (0.25)0! ^ I ^ I 


1. Controlling Dimensions: INCH. In case of conflict between 
English and Metric dimensions, the inch dimensions control. 

2. Dimensioning and tolerancing per ANSI Y14.5M-1982. 

3. Symbols are defined in the “MO Series Symbol Lisf in Section 
2.2 of Publication No. 95. 

4. Dimensions A, A1 and L are measured with the package seated 
in JEDEC seating plane gauge GS-3. 

5. D, D1, and El dimensions do not include mold flash or protru¬ 
sions. Mold flash or protrusions shali not exceed 0.010 inch 
(0.25mm). 

6. E and are mea sured with the leads constrained to be per- 
pendicularto datum | -C- [ . 

7. ee and ec are measured at the lead tips with the leads uncon¬ 
strained. Qq must be zero or greater. 

8. B1 maximum dimensions do not include dambar protrusions. 
Dambar protrusions shali not exceed 0.010 inch (0.25mm). 

9. N is the maximum number of terminal positions. 

10. Corner leads (1, N, N/2 and N/2 + 1) for E8.3, El 6.3, El 8.3, 
E28.3, E42.6 will have a B1 dimension of 0.030 - 0.045 inch 
(0.76- 1.14mm). 



1 INCHES 1 

1 MILLIMETERS 

SYMBOL 

MIN 

MAX 

MIN 

MAX 

A 

- 

0.250 

- 

6.35 

A1 

0.015 

- 

0.39 

- 

A2 

0.125 

0.195 

3.18 

4.95 

B 

0.014 

0.022 

0.356 

0.558 

B1 

0.030 

0.070 

0.77 

1.77 

C 

0.008 

0.015 

0.204 

0.381 

D 

1.150 

1.290 

29.3 

32.7 

D1 

0.005 

- 

0.13 

- 

E 

0.600 

0.625 

15.24 

15.87 

El 

0.485 

0.580 

12.32 

14.73 

e 

0.100 BSC 

2.54 BSC 

®A 

0.600 BSC 

15.24 BSC 


1 0.700 

- 

17.78 

L 

0.115 

0.200 

2.93 

5.08 
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Plastic Packages for Integrated Circuits 


Dual-ln-Line Plastic Packages (PDIP) 


INDEX , 

AREA .2. .3. 


SEATING 

PLANE 



B1 

B-*- 



A1 f 


ec-^ c-^l 


E28.6 (JEDEC MS-011-AB ISSUE B) 

28 LEAD DUAL-IN-LINE PLASTIC PACKAGE 


] 0.010 (0.25)01 C I AI B©| 


1. Controlling Dimensions: INCH. In case of conflict between 
English and Metric dimensions, the inch dimensions control. 

2. Dimensioning and tolerancing per ANSI Y14.5M-1982. 

3. Symbols are defined in the “MO Series Symbol Lisf in Section 
2.2 of Publication No. 95. 

4. Dimensions A, A1 and L are measured with the package seated 
in JEDEC seating plane gauge GS-3. 

5. D, D1, and E1 dimensions do not include mold flash or protru* 
sions. Mold flash or protrusions shall not exceed 0.010 inch 
(0.25mm). 

6. E and are mea sured with the leads constrained to be per¬ 
pendicular to datum I -C-1 . 

7. Ob and ec are measured at the lead tips with the leads uncon¬ 
strained. ec must be zero or greater. 

8. B1 maximum dimensions do not include dambar protrusions. 
Dambar protrusions shall not exceed 0.010 inch (0.25mm). 

9. N is the maximum number of terminal positions. 

10. Corner leads (1, N, N/2 and N/2 + 1) for E8.3, E16.3, El 8.3, 
E28.3, E42.6 will have a B1 dimension of 0.030 - 0.045 inch 
(0.76-1.14mm). 


SYMBOL 

1 INCHES 1 

1 MILLIMETERS 

1 MIN 1 

1 MAX 1 

1 MIN 

1 MAX 

A 

1 - 1 0.250 1 

6.35 

A1 

0.015 

- 

0.39 

A2 

0.125 

0.195 

3.18 

4.95 

B 

0.014 

0.022 

0.356 

0.558 

B1 

0.030 

0.070 

0.77 

1.77 

C 

0.008 

0.015 

0.204 

0.381 

D 

1.380 

1.565 

35.1 

39.7 

D1 

1 0.005 1 - 1 

0.13 

- 

E 

0.600 

0.625 

15.24 

15.87 

El 

0.485 

0.580 

12.32 

14.73 


0.100 BSC 
0.600 BSC 
^ 0.700 

0.115 0.200 

28 


2.54 BSC 
15.24 BSC 
I 17.78 


Rev. 0 12/93 
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Plastic Packages for Integrated Circuits 


Dual-in-Line Plastic Packages (PDIP) 



SEATING 

PLANE 





E28.6A-S 

28 LEAD DUAL-IN-LINE PLASTIC PACKAGE 



I INCHES I 

1 MILLIMETERS 

SYMBOL 

MIN 

MAX 

MIN 

MAX 

A 

0.178 

0.196 

4.5 

5.0 

A1 

0.020 

- 

0.50 

- 

B 

0.016 

0.023 

0.40 

0.60 

B1 

0.042 

0.053 

1.05 

1.35 

C 

0.008 

0.13 

0.20 

0.35 

D 

1.485 

1.503 

37.7 

38.2 

E1 

0.508 

0.523 

12.9 

13.3 

e 

0.100 BSC 

2.54 BSC 

©A 

0.600 BSC 

15.24 BSC 

L 

0.119 1 - 

3.0 1 - 


1. Controlling Dimensions: MILLIMETER. In case of conflict be¬ 
tween English and Metric dimensions, the metric dimensions 
control. 

2. Dimensions A, A1 and L are measured with the package seated 
in JEDEC seating plane gauge GS-3. 

3. D and E1 dimensions do not Include mold flash or protrusions. 

4. is measured with the leads constrained to be perpendicular 
tooase plane. 

5. N is the maximum number of terminal positions. 
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Plastic Packages for Integrated Circuits 


Dual-ln-Line Plastic Packages (PDIP) 




SEATING itL A A 

"Ti jllp 





ec-** C-^l 


^O.O1O(O.25)0|c|a I!®] 


1. Controlling Dimensions: INCH, in case of conflict between 
English and Metric dimensions, the inch dimensions control. 

2. Dimensioning and tolerancing per ANSI Y14.5M-1982. 

3. Symbols are defined in the “MO Series Symbol Lisf in Section 
2.2 of Publication No. 95. 

4. Dimensions A, A1 and L are measured with the package seated 
in JEDEC seating plane gauge GS-3. 

5. D, D1, and E1 dimensions do not include mold flash or protru¬ 
sions. Mold flash or protrusions shall not exceed 0.010 inch 
(0.25mm). 

6. E and |eA| are mea sured with the leads constrained to be per- 
pendicular to datum | -C- [ . 

7. Ob and ec are measured at the lead tips with the leads uncon¬ 
strained. eQ must be zero or greater. 

8. B1 maximum dimensions do not include dambar protrusions. 
Dambar protrusions shall not exceed 0.010 inch (0.25mm). 

9. N is the maximum number of terminal positions. 

10. Corner leads (1, N, N/2 and N/2 + 1) for E8.3, El 6.3, El8.3, 
E28.3, E42.6 will have a B1 dimension of 0.030 - 0.045 Inch 
(0.76-1.14mm). 


E40.6 (JEDEC MS-011-AC ISSUE B) 

40 LEAD DUAL-IN-LINE PLASTIC PACKAGE 



1 INCHES 1 

1 MILLIMETERS 

SYMBOL 

MIN 

MAX 

MIN 

MAX 

A 

- 

0.250 

- 

6.35 

A1 

0.015 

- 

0.39 

- 

A2 

0.125 

0.195 

3.18 

4.95 

B 

0.014 

0.022 

0.356 

0.558 

B1 

0.030 

0.070 

0.77 

1.77 

C 

0.008 

0.015 

0.204 

0.381 

D 

1.980 

2.095 

50.3 

53.2 

D1 

0.005 


0.13 

- 

E 

0.600 

0.625 

15.24 

15.87 

El 

0.485 

0.580 

12.32 

14.73 

e 

0.100 BSC 

2.54 BSC 

®A 

0.600 BSC 

15.24 BSC 

®B 

1 0.700 

- 

17.78 

L 

0.115 

0.200 

2.93 

5.08 


Rev. 0 12/93 


9-28 






Plastic Packages for Integrated Circuits 


Small Outline Plastic Packages (SOIC) 



t i| 


40.25(0.010) ( 


LS D- 


I IHH 

4 0.25(0.010) ( 


SEATING PLANE - 

U/ 




I 0.10(0.004) I 


1. Symbols are defined In the “MO Series Symbol Lisf in Section 
2,2 of Publication Number 95. 

2. Dimensioning and tolerancing per ANSI Y14.5M-1982. 

3. Dimension “D” does not include mold flash, protrusions or gate 
burrs. Mold flash, protrusion and gate burrs shall not exceed 
0.15mm (0.006 inch) per side. 

4. Dimension “E” does not include Interlead flash or protrusions. In- 
teriead flash and protrusions shall not exceed 0.25mm (0.010 
inch) per side. 

5. The chamfer on the body is optional. If it Is not present, a visual 
index feature must be located within the crosshatched area. 

6. “L” is the length of terminal for soldering to a substrate. 

7. “N” is the number of terminal positions. 

8. Terminal numbers are shown for reference only. 

9. The lead width “B", as measured 0.36mm (0.014 Inch) or greater 
above the seating plane, shall not exceed a maximum value of 
0.61mm (0.024 inch). 

10. Controlling dimension; MILLIMETER. Converted Inch dimen¬ 
sions are not necessarily exact. 


M8.15 (JEDEC MS-012-AA ISSUE C) 

8 LEAD NARROW BODY SMALL OUTLINE PLASTIC PACKAGE 


SYMBOL MIN MAX MIN MAX NOTES 

A 0.0532 0.0688 1.35 1.75 

A1 0.0040 0.0098 010 025 ^ 

B 0.013 0.020 033 oiii 9 

C 0.0075 0.0098 019 025 ^ 

D 0.1890 0.1968 4JB0 OOO 3 

E 0.1497 0.1574 080 Jloo 4 

e 0.050 BSC 1.27 BSC ^ 

H 0.2284 0.2440 080 6.20 

h 0.0099 0.0196 025 050 5 

L 0.016 0.050 0.40 T27 6 

f3 8 8 7 

S 0° I 8° 0° I 8® ^ 

Rev. 0 12/93 


0.2284 

0.2440 

5.80 

6.20 

0.0099 

0.0196 

0.25 

0.50 

0.016 

0.050 

0.40 

1.27 

_?_1 

1 

0® 1 


ro^ 

1 8® 
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Plastic Packages for Integrated Circuits 


Small Outline Plastic Packages (SOIC) 


I 

INDEX 
AREA < 

^ 1 

r 

2$ 


jtzzi 



|J±Ld- 


B~i 

0.25(0.010^ 


SEATING PLANE • 

IsH-/ 



\ 

I 0.10(0.004) 


M14.15 (JEDEC MS-012-AB ISSUE C) 

14 LEAD NARROW BODY SMALL OUTLINE PLASTIC PACKAGE 


SYMBOL 

A 

A1 

g 

C 

D 

g 

e 

H 

h 

[ 

N 

a 


1. Symbols are defined in the “MO Series Symbol Lisf in Section 
2.2 of Publication Number 95. 

2. Dimensioning and toierancing per ANSi Y14.5M>1982. 

3. Dimension “D” does not include mold flash, protrusions or gate 
burrs. Moid flash, protrusion and gate burrs shaii not exceed 
0.15mm (0.006 inch) per side. 

4. Dimension “E” does not include interlead flash or protrusions. In- 
terlead flash and protrusions shall not exceed 0.25mm (0.010 
Inch) per side. 

5. The chamfer on the body is optional. If it is not present, a visual 
index feature must be located within the crosshatched area. 

6. “L” is the length of terminal for soldering to a substrate. 

7. “N" Is the number of terminal positions. 

8. Terminal numbers are shown for reference only. 

9. The lead width “B”, as measured 0.36mm (0.014 inch) or greater 
above the seating plane, shall not exceed a maximum value of 
0.61mm (0.024 Inch). 

10. Controlling dimension: MILLIMETER. Converted inch dimen¬ 
sions are not necessarily exact. 


INCHES 1 

1 MILLIMETERS 

MIN 

MAX 

MIN 

MAX 

0.0532 

0.0688 

1.35 

1.75 

0.0040 

0.0098 

0.10 

0.25 

0.013 

0.020 

0.33 

0.51 

0.0075 

0.0098 

0.19 

0.25 

0.3367 

0,3444 

8.55 

8.75 

0.1497 

0.1574 

3.80 

4.00 


0.2284 

0.2440 

5.80 

6.20 

0.0099 

0.0196 

0.25 

0.50 

0.016 

0.050 

0.40 

1.27 

__1 

I_!!_ 

0® 1 

8° I 

I 0® 

1 8® 
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Plastic Packages for Integrated Circuits 


Small Outline Plastic Packages (SOIC) 



NOTES: 

1. Symbols are defined in the “MO Series Symbol List" In Section 
2.2 of Publication Number 95. 

2. Dimensioning and tolerancing per ANSI Y14.5M-1982. 

3. Dimension “D” does not include mold flash, protrusions or gate 
burrs. Mold flash, protrusion and gate burrs shall not exceed 
0.15mm (0.006 inch) per side. 

4. Dimension “E” does not include interlead flash or protrusions. In- 
teriead flash and protrusions shall not exceed 0.25mm (0.010 
inch) per side. 

5. The chamfer on the body is optional. If it is not present, a visual 
index feature must be located within the crosshatched area. 


M16.15 (JEDEC MS>012-AC ISSUE C) 

16 LEAD NARROW BODY SMALL OUTLINE PLASTIC PACKAGE 



Rev. 0 12/93 


9 


6. “L” is the length of terminal for soldering to a substrate. 

7. “N” is the number of terminal positions. 

8. Terminal numbers are shown for reference only. 

9. The lead width “B”, as measured 0.36mm (0.014 inch) or greater 
above the seating plane, shall not exceed a maximum value of 
0.61mm (0.024 Inch) 

10. Controlling dimension: MILLIMETER. Converted Inch dimen¬ 
sions are not necessarily exact. 
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Plastic Packages for Integrated Circuits 


Small Outline Plastic Packages (SOIC) 



NOTES: 

1. Symbols are defined in the "MO Series Symbol Lisf in Section 
2.2 of Publication Number 95, 

2. Dimensioning and tolerancing per ANSI Y14.5M-1982. 

3. Dimension “D” does not include mold flash, protrusions or gate 
burrs. Mold flash, protrusion and gate burrs shall not exceed 
0.15mm (0.006 inch) per side. 

4. Dimension “E” does not include interlead flash or protrusions. In¬ 
terlead flash and protrusions shall not exceed 0.25mm (0.010 
inch) per side. 

5. The chamfer on the body is optional. If it is not present, a visual 
index feature must be located within the crosshatched area. 

6. “L” is the length of terminal for soldering to a substrate. 

7. “N” is the number of terminal positions. 

8. Terminal numbers are shown for reference only. 

9. The lead width "B”, as measured 0.36mm (0.014 inch) or greater 
above the seating plane, shall not exceed a maximum value of 
0.61mm (0.024 inch) 

10. Controlling dimension: MILLIMETER. Converted inch dimen¬ 
sions are not necessarily exact. 


Ml 6.3 (JEDEC MS-013-AA ISSUE C) 

16 LEAD WIDE BODY SMALL OUTLINE PLASTIC PACKAGE 


SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN 

MAX 

MIN 

MAX 

A 

0.0926 

0.1043 

2.35 

2.65 

- 

A1 

0.0040 

0.0118 

0.10 

0.30 

- 

B 

0.013 

0.0200 

0.33 

0.51 

9 

C 

0.0091 

0.0125 

0.23 

0.32 

- 

D 

0.3977 

0.4133 

10.10 

10.50 

3 

E 

0.2914 

0.2992 

7.40 

7.60 

4 

e 

0.050 BSC 

1.27 BSC 

- 

H 

0.394 

0.419 

10.00 

10.65 

- 

h 

0.010 

0.029 

0.25 

0.75 

5 

L 

0.016 

0.050 

0.40 

1.27 

6 

N 

16 

i_!!_ 

7 

a 

0® 1 8° 

o 

GO 

O 

o 

- 
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Plastic Packages for Integrated Circuits 


Small Outline Plastic Packages (SOIC) 


1 

INDEX 

AREA 

^ 1 

r 

2s 


jtrzl 


J 0.25(0.010) ( 


|J±L, 


I 1*^3 

J 0.25(0.010)( 


SEATING PLANE - 

Ififl-/ 




K 

I 0.10(0.004) I 


M20.3 (JEDEC MS-013-AC ISSUE C) 

20 LEAD WIDE BODY SMALL OUTLINE PLASTIC PACKAGE 


SYMBOL 

A 

A1 

B 

5 

D 

E 

e 

H 

h 

[ 

N 

a 


1. Symbols are defined in the “MO Series Symboi Lisf in Section 
2.2 of Pubiication Number 95. 

2. Dimensioning and toierancing per ANSi Y14.5M-1982. 

3. Dimension “D” does not include mold flash, protrusions or gate 
burrs. Mold flash, protrusion and gate burrs shaii not exceed 
0.15mm (0.006 inch) per side. 

4. Dimension “E” does not inciude interiead flash or protrusions. In¬ 
terlead flash and protrusions shaii not exceed 0.25mm (0.010 
inch) per side. 

5. The chamfer on the body is optionai. if it is not present, a visuai 
index feature must be iocated within the crosshatched area. 

6. “L” is the length of terminal for soldering to a substrate. 

7. “N” is the number of terminal positions. 

8. Terminai numbers are shown for reference oniy. 

9. The iead width “B”, as measured 0.36mm (0.014 inch) or greater 
above the seating piane, shaii not exceed a maximum value of 
0.61mm (0.024 inch) 

10. Controlling dimension: MILLIMETER. Converted inch dimen¬ 
sions are not necessarily exact. 


INCHES 1 

1 MILLIMETERS 

MIN 

MAX 

MIN 

MAX 

0.0926 

0.1043 

2.35 

2.65 

0.0040 

0.0118 

0.10 

0.30 

0.013 

0.0200 

0.33 

0.51 

0.0091 

0.0125 

0.23 

0.32 

0.4961 

0.5118 

12.60 

13.00 

0.2914 

0.2992 

7.40 

7.60 


0.394 

0.419 

10.00 

10.65 

0.010 

0.029 

0.25 

0.75 

0.016 

0.050 

0.40 

1.27 

20 1 

1 20 

0° 1 

8® 1 

1 0° 

1 8° 


Rev. 0 12/93 
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Plastic Packages for Integrated Circuits 


Small Outline Plastic Packages (SOIC) 



NOTES; 

1. Symbols are defined in the "MO Series Symbol Lisf in Section 
2.2 of Publication Number 95. 

2. Dimensioning and tolerancing per ANSi Y14.5M-1982. 

3. Dimension "D” does not include mold flash, protrusions or gate 
burrs. Moid flash, protrusion and gate burrs shall not exceed 
0.15mm (0.006 inch) per side. 

4. Dimension "E” does not include interlead flash or protrusions. In- 
teriead flash and protrusions shaii not exceed 0.25mm (0.010 
inch) per side. 

5. The chamfer on the body is optional. If it is not present, a visual 
index feature must be iocated within the crosshatched area. 

6. “L” is the length of terminal for soldering to a substrate. 

7. "N” is the number of terminal positions. 

8. Terminal numbers are shown for reference only. 

9. The lead width "B”, as measured 0.36mm (0.014 inch) or greater 
above the seating plane, shall not exceed a maximum value of 
0.61mm (0.024 Inch) 

10. Controlling dimension: MILLIMETER. Converted inch dimen¬ 
sions are not necessarily exact. 


M24.3 (JEDEC MS-013-AD ISSUE C) 

24 LEAD WIDE BODY SMALL OUTLINE PLASTIC PACKAGE 


SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN 

MAX 

MIN 

MAX 

A 

0.0926 

0.1043 

2.35 

2.65 

- 

A1 

0.0040 

0.0118 

0.10 

0.30 

- 

B 

0.013 

0.020 

0.33 

0.51 

9 

C 

0.0091 

0.0125 

0.23 

0.32 

- 

D 

0.5985 

0.6141 

15.20 

15.60 

3 

E 

0.2914 

0.2992 

7.40 

7.60 

4 

e 

1 0.05 BSC 

1 1.27 BSC 

- 

H 

0.394 

0.419 

10.00 

10.65 

- 

h 

0.010 

0.029 

0.25 

0.75 

5 

L 

0.016 

0.050 

0.40 

1.27 

6 

N 

1 __ 

24 

7 

a 

00 

o 

qo I 8° 

- 


Rev. 0 12/93 
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Plastic Packages for Integrated Circuits 


Small Outline Plastic Packages (SOIC) 


i 

INDEX / 
AREA V 

1 

r 

.. 

/tZJ 


t h| 


\JELu. 


SEATING PLANE - 

U/ 



M28.3 (JEDEC MS-013-AE ISSUE C) 

28 LEAD WIDE BODY SMALL OUTLINE PLASTIC PACKAGE 


SYMBOL 

A 

A1 

B 

- 

5 

E 


H |H!1 

1 ^ 0 . 25 ( 0 . 01 ^ 


1. Symbols are defined In the “MO Series Symbol LIsf In Section 
2.2 of Publication Number 95. 

2. Dimensioning and tolerancing per ANSI Y14.5M-1982. 

3. Dimension “D” does not include mold flash, protrusions or gate 
burrs. Mold flash, protrusion and gate burrs shall not exceed 
0.15mm (0.006 inch) per side. 

4. Dimension “E” does not include Interlead flash or protrusions. In¬ 
terlead flash and protrusions shall not exceed 0.25mm (0.010 
inch) per side. 

5. The chamfer on the body is optional. If it is not present, a visual 
index feature must be located within the crosshatched area. 

6. “L” is the length of terminal for soldering to a substrate. 

7. “N” Is the number of terminal positions. 

8. Terminal numbers are shown for reference only. 

9. The lead width “B”, as measured 0.36mm (0.014 Inch) or greater 
above the seating plane, shall not exceed a maximum value of 
0.61mm (0.024 Inch) 

10. Controlling dimension: MILLIMETER. Converted inch dimen¬ 
sions are not necessarily exact. 


INCHES 1 

1 MILLIMETERS 

MIN 

MAX 

MIN 

MAX 

0.0926 

0.1043 

2.35 

2.65 

0.0040 

0.0118 

0.10 

0.30 

0.013 

0.0200 

0.33 

0.51 

0.0091 

0.0125 

0.23 

0.32 

0.6969 

0.7125 

17.70 

18.10 

0.2914 

0.2992 

7.40 

7.60 


0.394 

0.419 

10.00 

10.65 

0.01 

0.029 

0.25 

0.75 

0.016 

0.050 

0.40 

1.27 

28 1 

1 28 

0® 1 

8® 1 

1 0® 

1 8® 


Rev. 0 12/93 
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Plastic Packages for Integrated Circuits 


Small Outline Plastic Packages (SOIC) 



NOTES: Rev. 1 4/95 

1. Dimension “D” does not inciude moid flash, protrusions or gate 


burrs. 

2. Dimension “E” does not inciude interlead flash or protrusions. 

3. "L” is the iength of terminal for soldering to a substrate. 

4. "N” is the number of terminal positions. 

5. Terminal numbers are shown for reference only. 

6. Controlling dimension: MILLIMETER. Converted inch dimen¬ 
sions are not necessarily exact. 
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Plastic Packages for Integrated Circuits 


Thin Shrink Small Outline Plastic Packages (TSSOP) 



M20.173 

20 LEAD THIN SHRINK SMALL OUTLINE PLASTIC PACKAGE 


40.25(0.010) ( 


|JB_, 


im 


4 0.10(0.004) ( 



SEATING PLANE • 

'aft-/ 


GAUGE 

PLANE 

— 

\ 

o 



zq 


\xn 

"^L^l 


K 

I 0.10(0.004) I 


1. These package dimensions are within allowable dimensions of 
JEDEC MO-153-AC, Issue B. 

2. Dimensioning and tolerancing per ANSI Y14.5M-1982. 

3. Dimension "D” does not include mold flash, protrusions or gate 
burrs. Mold flash, protrusion and gate burrs shall not exceed 
0.15mm (0.006 inch) per side. 

4. Dimension “E" does not include Interlead flash or protrusions. In¬ 
terlead flash and protrusions shall not exceed 0.15mm (0.006 
inch) per side. 

5. The chamfer on the body is optional. If it Is not present, a visual 
index feature must be located within the crosshatched area. 

6. T” is the length of terminal for soldering to a substrate. 

7. “N” is the number of terminal positions. 

8. Terminal numbers are shown for reference only. 

9. Dimension “B” does not include dambar protrusion. Allowable 
dambar protrusion shall be 0.08mm (0.003 inch) total in excess 
of "B” dimension at maximum material condition. 

10. Controlling dimension: MILLIMETER. Converted inch dimen¬ 
sions are not necessarily exact. 



1 INCHES 1 

1 MILLIMETERS 

SYMBOL 

MIN 

MAX 

MIN 

MAX 

A 

- 

0.043 

- 

1.10 

A1 

0.002 

0.006 

0.05 

0.15 

A2 

0.0335 

0.0374 

0.85 

0.95 

B 

0.0075 

0.0118 

0.19 

0.30 

C 

0.0035 

0.0079 

0.09 

0.20 

D 

0.252 

0.260 

6.40 

6.60 

E 

0.169 

0.177 

4.30 

4.50 

e 

I 0.026 BSC I 

1 0.65 BSC 

H 

0.246 

0.256 

6.25 

6.50 

L 

0.020 

0.028 

0.50 

0.70 

N 

I I 

1 20 

a 

ro^ 


ro^ 

I 8° 


Rev.O 10/95 


9-37 


PACKAGING 

INFORMATION 








Plastic Packages for Integrated Circuits 


Shrink Small Outline Plastic Packages (SSOP) 



t ll 


] 0.25(0.010) ( 


M28.15 

28 LEAD SHRINK NARROW BODY SMALL OUTLINE 
PLASTIC PACKAGE 


\JB-t 


lu|u|i|i^i|F 


SEATING PLANE > 

■ait/ 



0.10(0.004) 


NOTES: 

1. Symbols are defined in the “MO Series Symbol Lisf in Section 
2.2 of Publication Number 95. 

2. Dimensioning and toierancing per ANSI Y14.5M-1982. 

3. Dimension “D” does not include mold flash, protrusions or gate 
burrs. Mold flash, protrusion and gate burrs shall not exceed 
0.15mm (0.006 Inch) per side. 

4. Dimension “E" does not include Interlead flash or protrusions. In¬ 
terlead flash and protrusions shall not exceed 0.25mm (0.010 
inch) per side. 

5. The chamfer on the body is optional. If it is not present, a visual 
index feature must be located within the crosshatched area. 

6. “L” is the length of terminal for soldering to a substrate. 

7. “N” is the number of terminal positions. 

8. Terminal numbers are shown for reference only. 

9. Dimension “B” does not include dambar protrusion. Allowable 
dambar protrusion shall be 0.10mm (0.004 inch) total in excess 
of “B” dimension at maximum material condition. 

10. Controlling dimension; INCHES. Converted millimeter dimen¬ 
sions are not necessarily exact. 
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Plastic Packages for Integrated Circuits 





0.020 (0.51) MAX 
3PLCS 


0.045(1.14} 

't 

D2/E2 

I 

t 

D2/E2 

vi_ VIEW “A” 


0.020 (0.51) 
MIN 


SEATING 

PLANE 


0.026 (0.66) 
0.032 (0.81) 

it- 


0.013(0.33) 
I 0.021 (0.53) 

f 


1^0.025(0.64) 

0.045 (t.14) ..^| U MiN-- 

VIEW “A” TYP. 

NOTES: 

1. Controlling dimension: INCH. Converted millimeter dimensions 
are not necessarily exact. 

2. Dimensions and toierancing per ANSI Y14.5M-1982. 

3. Dimensions D1 and El do not include mold protrusions. Allow¬ 
able mold protrusion is 0.010 inch (0.25mm) per side. 

4. To be measured at seating plane ) -C- [ contact point. 

5. Centerline to be determined where center leads exit plastic body. 

6. "N” is the number of terminal positions. 


INCHES 


MAX 



MILLIMETERS 


HSIQH 

MAX 

4.20 

4.57 

2.29 

3.04 

12.32 

12.57 

11.43 

11.58 

4.86 

5.56 

12.32 

12.57 

11.43 

11.58 

4.86 

5.56 

I 28 I 
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Plastic Packages for Integrated Circuits 



0.020 (0.51) MAX 
3PLCS 


0.026 (0.66) 
0.032 (0.81) 

jLr- 





SEATING 

PLANE 


0.045 (1.14). 
MIN 


0.013 (0.33) 
^ 1 0.021 (0.53) 

. 1,^ 0.025 (0.64) 

MIN 


VIEW“A"TYP. 


1. Controlling dimension: INCH. Converted millimeter dimensions 
are not necessarily exact. 

2. Dimensions and tolerancing per ANSI Y14.5M-1982. 

3. Dimensions D1 and El do not include mold protrusions. Allow¬ 
able mold protrusion is 0.010 inch (0.25mm) per side. 

4. To be measured at seating plane | -C- | contact point. 

5. Centerline to be determined where center leads exit plastic body. 

6. "N” is the number of terminal positions. 
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Plastic Packages for Integrated Circuits 


Plastic Leaded Chip Carrier Packages (PLCC) 


0.042(1.07) 

0.048(1.22) 


& 0 ^ 0420 ^) 

0.056(1.42) 

P.N(1).DEN^ER^^^^^p 

T r 



[7v 0.004(0.10) I 
0.025 (0.64) 


N84.1.15 (JEDEC MS^ISAF ISSUE A) 

84 LEAD PLASTIC LEADED CHIP CARRIER PACKAGE 

I I INCHES I MILLIMETERS T 



0.020 (0.51) MAX 
3PLCS 


0.026 (0.66) 
0.032(0.81) 

Jj- 


0.045(1.14) 

MIN 



0.013(0.33) 
^ 0.021 (0.53) 

T 

^ 0.025 (0.64) 
MIN 


I SEATING 
I PLANE 


VIEW “A” TYP. 


1. Controlling dimension: INCH. Converted millimeter dimensions 
are not necessarily exact. 

2. Dimensions and tolerancing per ANSI Y14.5M-1982. 

3. Dimensions D1 and E1 do not include mold protrusions. Aiiow< 
able mold protrusion is 0.010 inch (0.25mm) per side. 

4. To be measured at seating plane | -C-| contact point. 

5. Centerline to be determined where center leads exit plastic body. 

6. “N” is the number of terminal positions. 
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Plastic Packages for Integrated Circuits 


Metric Plastic Quad Fiatpack Packages (MQFP) 



Q32.7X7-S 

32 LEAD METRIC PLASTIC QUAD FLATPACK PACKAGE 



I INCHES I 

1 MILLIMETERS | 


MBOL 

MIN 

MAX 

MIN 

MAX 

NOTES 

T“ 

0.054 

0.072 

1.35 

1.85 

- 

A1 

0.000 

0.011 

0.00 

0.30 

- 

B 

0.008 

0.017 

0.20 

0.45 

5 

D 

0.347 

0.362 

8.80 

9.20 

2 

D1 

0.272 

0.287 

6.90 

7.30 

3,4 

E 

0.347 

0.362 

8.80 

9.20 

2 

E1 

0.272 

0.287 

6.90 

7.30 

3,4 

L 

0.012 

0.027 

0.30 

0.70 

- 


32 

0.032 BSC 


32 

0.80 BSC 




SEATING 
A PLANE 



0.077/0.227 

0.003/0.009 


1. Controlling dimension: MILLIMETER. Converted inch dimen¬ 
sions are not necessarily exact. 

2. Dimensions D and E to be determined at seating plane | -C-1 . 

3. Dimensions D1 and E1 to be determined at datum plane |-H-| . 

4. Dimensions D1 and E1 do not include mold protrusion. 

5. Dimension B does not include dambar protrusion. 

6. “N” is the number of terminal positions. 
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Plastic Packages for Integrated Circuits 


Metric Plastic Quad Fiatpack Packages (MQFP) 



PIN1 -f 

E—<=£ 


SEATING 
A PLANE 


V 

Lu 


^ c A-B® D(§) 


0.13/0.17 

0.005/0.007 


BASE METAL 
WITH PLATING 



044.10X10 (JEDEC MO-108AA-2 ISSUE A) 

44 LEAD METRIC PLASTIC QUAD FLATPACK PACKAGE 


MILLIMETERS 


MIN 

MAX 

- 

0.093 

0.004 

0.010 

0.077 

0.083 

0.012 

0.018 

0.012 

0.016 

0.510 

0.530 

0.390 

0.398 

0.510 

0.530 

0.390 

0.398 

0.026 

0.037 

44 

0.032 BSC 



0.10 

0.25 

1.95 

2.10 

0.30 

0.45 

0.30 

0.40 

12.95 

13.45 

9.90 

10.10 

12.95 

13.45 

9.90 

10.10 

0.65 

0.95 

I ^ I 

o 

GO 

O 

BSC 1 



1. Controlling dimension: MILLIMETER. Converted inch 
dimensions are not necessarily exact. 

2. All dimensions and tolerances per ANSI Y14.5M-1982. 

3. Dimensions D and E to be determined at seating plane -C- . 

4. Dimensions D1 and E1 to be determined at datum plane . 

5. Dimensions D1 and El do not include mold protrusion. 
Allowable protrusion is 0.25mm (0.010 inch) per side. 

6. Dimension B does not include dambar protrusion. Allowable 
dambar protrusion shall be 0.08mm (0.003 inch) total. 

7. “N” is the number of terminal positions. 


0.13/0.23 

0.005/0.009 
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Plastic Packages for Integrated Circuits 


Metric Plastic Quad Flatpack Packages (MQFP) 



Q48.7X7-S 

48 LEAD METRIC PLASTIC QUAD FLATPACK PACKAGE 



1 INCHES 1 

1 MILLIMETERS | 


MBOL 

MIN 

MAX 

MIN 

MAX 

NOTES 

A 

0.056 

0.066 

1.40 

1.70 

- 

A1 

0.000 

0.007 

0.00 

0.20 


B 

0.006 

0.010 

0.15 

0.26 

5 

D 

0.347 

0.362 

8.80 

9.20 

2 

D1 

0.272 

0.279 

6.90 

7.10 

3,4 

E 

0.347 

0.362 

8.80 

9.20 

2 

El 

0.272 

0.279 

6.90 

7.10 

3,4 

L 

0.012 

0.027 

0.30 

0.70 

- 


48 

0.020 BSC 


48 

0.500 BSC 




SEATING 
A PLANE 



B 

_1 


0.107/D.177 

0.004/0.007 


1. Controlling dimension: MILLIMETER. Converted inch dimen¬ 
sions are not necessarily exact. 

2. Dimensions D and E to be determined at seating plane | -C-1 . 

3. Dimensions D1 and El to be determined at datum plane |-H-| . 

4. Dimensions D1 and E1 do not include mold protrusion. 

5. Dimension B does not include dambar protrusion. 

6. "N” is the number of terminal positions. 
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Plastic Packages for Integrated Circuits 



0.40 

1 0--10- \ - - 

L ^ ® A-B(§) D® 

0®MIN^ / 

Lit 

-H A2 a1 

B 

rj' 

111 

B1 


*^5®-16® ^ 

U.13/U.17 1 1 

0.005/0.007_ 1_1 

♦ 77 



BASE METAL / 


WITH PLATING 


0.13/0.23 

0.005/0.009 


1. Controlling dimension: MILLIMETER. Converted inch 
dimensions are not necessarily exact. 

2. All dimensions and tolerances per ANSI Y14.5M-1982. 

3. Dimensions D and E to be determined at seating plane >C- . 

4. Dimensions D1 and El to be determined at datum plane -H- . 

5. Dimensions D1 and El do not include mold protrusion. 
Allowable protrusion is 0.25mm (0.010 inch) per side. 

6. Dimension B does not include dambar protrusion. Ailowable 
dambar protrusion shall be 0.08mm (0.003 Inch) total. 

7. “N” is the number of terminal positions. 
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Plastic Packages for Integrated Circuits 


Metric Plastic Quad Flatpack Packages (MQFP) 



[±n_ 




SEATING 

PLANE 


Q100.14x20 (JEDEC MO-108CC-1 ISSUE A) 

100 LEAD METRIC PLASTIC QUAD FLATPACK PACKAGE 



1 INCHES 1 

1 MILLIMETERS | 


SYMBOL 

MIN 

MAX 

MIN 

MAX 

NOTES 

A 

- 

0.134 

- 

3.40 

- 

A1 

0.010 

- 

0.25 

- 

- 

A2 

0.100 

0.120 

2.55 

3.05 

- 

B 

0.009 

0.015 

0.22 

0.38 

6 

B1 

0.009 

0.013 

0.22 

0.33 

- 

D 

0.904 

0.923 

22.95 

23.45 

3 

D1 

0.783 

0.791 

19.90 

20.10 

4,5 

E 

0.667 

0.687 

16.95 

17.45 

3 

El 

0.547 

0.555 

13.90 

14.10 

4,5 

L 

0.026 

0.037 

0.65 

0.95 

- 

N 

100 

100 

7 

e 

0.026 BSC 

0.65 BSC 



V 

□ A2 A1 

in 


B • 

^ B1 

L ♦ __ 


0.13A).17~ 

0.005/0.00Z 


BASE METAL-' 
WITH PLATING - 


0.13/0.23 

0.005/0.009 


1. Controlling dimension: MILLIMETER. Converted inch 
dimensions are not necessarily exact. 

2. All dimensions and tolerances per ANSI Y14.5M-1982. 

3. Dimensions D and E to be determined at seating plane -C-1 . 

4. Dimensions D1 and El to be determined at datum plane -H- . 

5. Dimensions D1 and El do not include mold protrusion. 
Allowable protrusion is 0.25mm (0.010 inch) per side. 

6. Dimension 6 does not include dambar protrusion. Allowable 
dambar protrusion shall be 0.08mm (0.003 inch) total. 

7. “N" is the number of terminal positions. 
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Plastic Packages for Integrated Circuits 


Metric Plastic Quad Flatpack Packages (MQFP) 



E El ~ 




SEATING 

PLANE 


V 

: A2 A1 

SO-lfiO ^ 


^|^e®|c|A.B( 


0.13/0.17 

0.005/0.007 


BASE METAL ^ 
WITH PLATING 



0.13/0.23 

O.OOS/0.009 


0120.28x28 (JEDEC MO-108DA-1 issue A) 

120 LEAD METRIC PLASTIC QUAD FLATPACK PACKAGE 


SYMBOL 

1 INCHES 1 

1 MILLIMETERS | 

NOTES 

1 MIN 1 

MAX 1 

1 MIN 

1 MAX 1 

A 

0.160 

4.07 

- 

A1 

0.010 

0.25 

- 

A2 

0.125 

0.144 

3.17 

3.67 

■ 

B 

0.012 

0.018 

0.30 

0.45 

6 

B1 

0.012 

0.016 

0.30 

0.40 

- 

D 

1.219 

1.238 

30.95 

31.45 

3 

D1 

1.098 

1.106 

27.90 

28.10 

4,5 

E 

1.219 

1.238 

30.95 

31.45 

3 

El 

1.098 

1.106 

27.90 

28.10 

4,5 

L 

0.026 

0.037 

0.65 

0.95 

- 


120 

0.032 BSC 


120 

0.80 BSC 


1. Controlling dimension: MILLIMETER. Converted inch 
dimensions are not necessarily exact. 

2. All dimensions and tolerances per ANSI Y14.5M-1982. 

3. Dimensions D and E to be determined at seating plane -C- . 

4. Dimensions D1 dnd El to be determined at datum plane -H- . 

5. Dimensions D1 and El do not include mold protrusion. 
Allowable protrusion is 0.25mm (0.010 inch) per side. 

6. Dimension B does not include dambar protrusion. Allowable 
dambar protrusion shall be 0.08mm (0.003 inch) total. 

7. “N” is the number of terminal positions. 
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Plastic Packages for Integrated Circuits 


Metric Plastic Quad Flatpack Packages (MQFP) 



0160.28x28 (JEDEC MO-108DD-1 ISSUE A) 

160 LEAD METRIC PLASTIC QUAD FLATPACK PACKAGE 



Rev. 0 1/94 

NOTES: 

1. Controlling dimension: MILLIMETER. Converted Inch 
dimensions are not necessarily exact. 

2. Ail dimensions and tolerances per ANSI Y14.5M-1982. 

3. Dimensions D and E to be determined at seating plane -C- . 

4. Dimensions D1 and El to be determined at datum plane *H- . 

5. Dimensions D1 and El do not include mold protrusion. 
Allowable protrusion is 0.25mm (0.010 inch) per side. 

6. Dimension B does not include dambar protrusion. Allowable 
dambar protrusion shall be 0.08mm (0.003 inch) total. 

7. “N” is the number of terminal positions. 



































































Plastic Packages for Integrated Circuits 


Thin Plastic Quad Flatpack Packages (TQFP) 



PlHt-f 


SEATING 
A PLANE 


A 1^1 0.08 

T ^ 055 


(OJ53® ® ^"^d) ®(D 

10.130 

— I B1 ^ 

^ 

I 1 0.09/0.16 - I- 

d A2 A1 0.004/0.006 

/1 I ^JLTJ I 


BASE METAL 
WITH PLATING - 


Q48.7X7 (JEDEC MO-136AE ISSUE C) 

48 LEAD THIN PLASTIC QUAD FLATPACK PACKAGE 



1 INCHES 1 

1 MILLIMETERS | 


SYMBOL 

MIN 

MAX 

MIN 

MAX 

NOTES 

A 

- 

0.047 

- 

1.20 

- 

A1 

0.002 

0.005 

0.05 

0.15 

- 

A2 

0.038 

0.041 

0.95 

1.05 

- 

B 

0.007 

0.010 

0.17 • 

0.27 

6 

B1 

0.007 

0.009 

0.17 

0.23 

- 

D 

0.347 

0.362 

8.80 

9.20 

3 

D1 

0.268 

0.283 

6.80 

7.20 

4,5 

E 

0.347 

0.362 

8.80 

9.20 

3 

El 

0.268 

0.283 

6.80 

7.20 

4,5 

L 

0.018 

0.029 

0.45 

0.75 

- 


48 

0.020 BSC 


48 

0.50 BSC 


1. Controlling dimension: MILLIMETER. Converted inch 
dimensions are not necessarily exact. 

2. Ail dimensions and toierances per ANSI Y14.5M-1982. 

3. Dimensions D and E to be determined at seating plane -C- . 

4. Dimensions D1 and E1 to be determined at datum plane -H- . 

5. Dimensions D1 and E1 do not inciude moid protrusion. 
Ailowable protrusion is 0.25mm (0.010 inch) per side. 

6. Dimension B does not inciude dambar protrusion. Allowabie 
dambar protrusion shaii not cause the lead width to exceed the 
maximum B dimension by more than 0.08mm (0.003 inch). 

7. “N” is the number of terminai positions. 


no ,70 0.25 

mb 


0.09/0.20 

0.004/0.008 
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Plastic Packages tor Integrated Circuits 


Thin Plastic Quad Flatpack Packages (TQFP) 




GAGE , 
PLANE t 


Q 0.70 0.25 

ooio 


080.14x14 (JEDEC MO-136BQ ISSUE C) 

80 LEAD THIN PLASTIC QUAD FLATPACK PACKAGE 



1 INCHES 1 

1 MILLIMETERS | 


SYMBOL 

MIN 

MAX 

MIN 

MAX 

NOTES 

A 

- 

0.062 

- 

1.60 

- 

A1 

0.002 

0.005 

0.05 

0.15 

- 

A2 

0.054 

0.057 

1.35 

1.45 

- 

B 

0.009 

0.014 

0.22 

0.38 

6 

B1 

0.009 

0.012 

0.22 

0.33 

- 

D 

0.623 

0.637 

15.80 

16.20 

3 

D1 

0.544 

0.559 

13.80 

14.20 

4,5 

E 

0.623 

0.637 

15.80 

16.20 

3 

El 

0.544 

0.559 

13.80 

14.20 

4,5 

L 

0.018 

0.029 

0.45 

0.75 

- 


80 

0.026 BSC 


80 

0.65 BSC 


SEATING 
A PLANE 

A \/\\ 0-10 
"C- 




yj ♦ !_ l 1 

j] 0.09/0.16 - I- 1 

4 a 2 a 1 0.004/0.006 

1 11 ' 

-r WITH plating/ 

T 0.09/0.20 

I®""*®® 0.004/0.008 


1. Controlling dimension: MILLIMETER. Converted inch 
dimensions are not necessarily exact. 

2. All dimensions and tolerances per ANSI Y14.5M-1982. 

3. Dimensions D and E to be determined at seating plane -C- . 

4. Dimensions D1 and El to be determined at datum plane -H- . 

5. Dimensions D1 and El do not include mold protrusion. 
Allowable protrusion is 0.25mm (0.010 inch) per side. 

6. Dimension B does not include dambar protrusion. Allowable 
dambar protrusion shall not cause the lead width to exceed the 
maximum B dimension by more than 0.08mm (0.003 inch). 

7. “N” is the number of terminal positions. 
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Power Packages 


MS-012AA 

8 LEAD JEDEC MS-012AA SMALL OUTLINE PLASTIC PACKAGE 




CZl 

IZZ] 

(ZD 


3 


NOTES: 

1. All dimensions are within allowable dimensions of Rev. C of 
JEDEC MS-012AA outline dated 5-90. 

2. Dimension “D” does not Include mold flash, protrusions or gate 
burrs. Mold flash, protrusions or gate burrs shall not exceed 
0.006 Inches (0.15mm) per side. 

3. Dimension “E^” does not include inter-lead flash or protrusions. 
Inter-lead flash and protrusions shall not exceed 0.010 Inches 
(0.25mm) per side. 

4. “L" is the length of terminal for soldering. 

5. The chamfer on the body is optional. If it is not present, a visual index 
feature must be located within the crosshatched area. 

6. Controlling dimension: Millimeter. 

7. Revision 5 dated 2-23-96. 


MINIMUM RECOMMENDED FOOTPRINT FOR 
SURFACE-MOUNTED APPLICATIONS 
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Power Packages 
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See Us on the Net 


http://www.semi.harris.com/ 


m What’s 
* New 

Prodact',,:.:; 4 
inhr^mUnfi 

.Search' 

Design" ''""n 

Support 


WHAT’S NEW 

• Press Releases 

• New Services 

• New Web Material 

PRODUCT INFORMATION 

• Organized by Device Function 

• Product Information Page Links to: 

- Data Sheets 

• >2500 Data Sheets and Application Notes 
SEARCH 

• Search Based Upon Part Number or Description 


DESIGN SUPPORT 

• Application Note Listing 

• Tech Brief Listing 

• Downloadable Design Software 

• Evaluation Boards Listing 

• Lexicon 

• E-mail To Central Applications Group for Technical Help 
OTHER LINKS 

• Sales Office and Distributor Listing 

• Target Application Sites 

• Quality/Reliabiiity 

• Webmaster E-mail for Site Comments 
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How to Use Harris AnswerFAX 


What is AnswerFAX? 

AnswerFAX is Harris’ automated fax response system. It gives you on-demand access to a full 
library of the latest data sheets, application notes, and other information on Harris products. 

• • • 

What do I need to use AnswerFAX? 

Just a fax machine and a touch-tone phone. You can access it 24 hours a day, 7 days a week. 

• • • 

How does it work? 

You call the AnswerFAX number, touch-tone your way through a series of recorded questions, 
enter the order numbers of the documents you want, and give AnswerFAX a fax number to 
send them to. You’ll have the information you need in minutes. The chart on the next page 
shows you how. 

• • • 

How do I find out the order number for the publications I want? 

The first time you call AnswerFAX, you should order one or more on-line catalogs of product 
line information. There are nine catalogs: 

• New Products • Digital Signal Processing (DSP) Products • Rad Hard Products 

• Linear/Telecom Products • Discrete & Intelligent Power Products • CMOS Logic Products 

• Data Acquisition Products • Microprocessor Products • Application Notes 

Once they’re faxed to you, you can call back and order the publications themselves by number. 


How do I start? 

Dial 407-724-7800. That’s it. 



Please refer to next page for a map to AnswerFAX. 
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Your Map to Harris AnswerFAX 


HARRIS 

SEMICONDUCTOR 




A complete AnswerFAX catalog listing is available. 

Please call 1-800-442-7747 and request extension number 7367. 



DESCRIPTION OF 
AnswerFAX 


SPECIAL CHARACTERS 


t3*E ENTERS “Q” 

□ + ENTERS “Z” 

1 ^ ENTERS 

BLANK SPACE 

B BACK-UP ONE 
CHARACTER 

pO^ HELP 


ENTER A MORE 

DOCUMENT ' 

NUMBER ^ _- 

DONE I # 
(UP TO THREE) 



ENTER 

YOUR CORRECT 

FAX NUMBER 
AND CONFIRM 

RE-ENTER YOUR 
FAX NUMBER 


FAX IDENTIFIER 


VOICE 
OR PHONE 
NUMBER 


MORE I # 


DONE # # 


(ORDER 
UP TO 
THREE 
CATALOGS) 


ENTER YOUR NAME 


SEE QUICK 
REFERENCE GUIDE 
FOR SPECIAL 
CHARACTERS 
AT LEFT 
OF PAGE 


ORDER 

SOMETHING 

ELSE 


ENTER 

YOUR 

VOICE 

PHONE 

NUMBER 


# DONE 


FAX! ! ! 


AnswerFAX^^ is a Service Mark of Harris Corporation 1996 
















SEMICONDUCTOR 


Harris AnswerFAX Data Book Request Form - Document #199 

Data Books Available Now 


P 

I 

I 

P 

P 

P 

P 

P 

P 

P 

P 

P 

P 

P 

P 

I 

■ 

II 


PUB. 

NUMBER 

DATA BOOK/DESCRIPTION 

7004 

Complete Set of Commercial Harris Data Books 

7005 

Complete Set of Commercial and Military Harris Data Books 

DB223B 

POWER MOSFETs (1994:1,328pp) This data book contains detailed technical Information including standard power MOSFETs 
(the popular RF-series types, the IRF-series of industry replacement types, and JEDEC types), MegaFETs, logic-level power 
MOSFETs (L2FETs), ruggedized power MOSFETs, advanced discrete, high-reliability and radiation-hardened power MOSFETs. 

DB316 

POWER MOSFET DATA BOOK SUPPLEMENT (1996: 380pp) This data book contains the data sheets of recently introduced 
products and also updates some of the data sheets In the Power MOSFET Data Book DB223B. These data sheets contain the 
detailed specification for these products. 

DB235B 

RADIATION HARDENED (1993: 2,232pp) The Harris radiation-hardened products Include the CD4000, HCS/HCTS and ACS/ 
ACTS logic families, SRAMs, PROMs, op amps, analog multiplexers, the 80C85/80C86 microprocessor family, analog switches, 
gate arrays, standard cells and custom devices. 

DB260.2 

CDP6805 CMOS MICROCONTROLLERS & PERIPHERALS (1995: 436pp) This data book represents the full line of Harris 
Semiconductor CDP6805 products for commercial applications and supersedes previously published CDP6805 data books 
under the Harris, GE, RCA or Intersil names. 

DB301B 

DATA ACQUISITION (1994:1,104pp) Product specifications on A/D converters (display, integrating, successive approximation, 
flash); D/A converters, switches, multiplexers, and other products. 

DB302B 

DIGITAL SIGNAL PROCESSING (1994: 528pp) Product specifications on one-dimensional and two-dimensional filters, signal 
synthesizers, multipliers, special function devices (such as address sequencers, binary correlators, histogrammer). 

DB303 

MICROPROCESSOR PRODUCTS (1992: 1,156pp) For commercial and military applications. Product specifications on CMOS 
microprocessors, peripherals, data communications, and memory ICs. 

DB304.1 

INTELLIGENT POWER ICs (1994: 946pp) This data book includes a complete set of data sheets for product specifications, 
application notes with design details for specific applications of Harris products, and a description of the Harris quality and high 
reliability program. 

DB309.1 

MCT/IGBT/DIODES (1995: 706pp) This MCT/IGBT/Diodes Data book represents the full line of these products made by Harris 
Semiconductor Discrete Power Products for commercial applications. 

DB314 

SIGNAL PROCESSING NEW RELEASES (1995: 690pp) This data book represents the newest products made by Harris 
Semiconductor Data Acquisition Products, Linear Products, Telecom Products and Digital Signal Processing Products for 
commercial applications. 

DB315 

CROSS-REFERENCE GUIDE (1996: 654pp) This guide contains the listing of semiconductor products that are second-sourced 
by Harris Semiconductor. 

DB317 

COMMUNICATIONS DATA BOOK (1997: 708pp) This data book contains technical information including data sheets and 
application notes for a variety of Harris Integrated Circuits targeted for the communications industry. These products include the 
PRISM 2.4GHz DSSS Wireless Transceiver Chip Set, the new HC5517 Ringing SLIC as well as Standard Linear, Data 
Acquisition, DSP and Power products. 

DB450.4 

TRANSIENT VOLTAGE SUPPRESSION DEVICES (1995: 400pp) Product specifications of Harris varistors and surgectors. 
Also, general informational chapters such as: “Voltage Transients - An Oven/iew,” ‘Transient Suppression - Devices and 
Principles,” “Suppression - Automotive Transients.” 

DB500.3 

LINEAR ICs (1996/97:1446pp) Harris offers an extensive line of Linear components including: High Speed and General Purpose 
Op Amps, Comparators, Sample/Hold Amps, Video Crosspoint Switches, Special Analog Circuits and Transistor Arrays. 

Analog 

Military 

ANALOG MILITARY (1989: 1,264pp) This data book describes Harris' military line of Linear, Data Acquisition, and 
Telecommunications circuits. 

DB312 

ANALOG MILITARY DATA BOOK SUPPLEMENT (1994: 432pp) The 1994 Military Data Book Supplement, combined with the 
1989 Analog Military Product Data Book, contain detailed technical information on the extensive line of Harris Semiconductor 
Linear and Data Acquisition products for Military (MIL-STD-883, DESC SMD and JAN) applications and supersedes all 
previously published Linear and Data Acquisition Military data books. For applications requiring Radiation Hardened products, 
please refer to the 1993 Harris Radiation Hardened Product Data Book (document #DB235B) 

PSG201.23 

PRODUCT SELECTION GUIDE (1996:834pp) Key product information on all Harris Semiconductor devices. Sectioned (Linear, 
Data Acquisition, Digital Signal Processing, Telecom, Intelligent Power, Discrete Power, Digital Microprocessors and Hi-Rel/ 
Military and Rad Hard) for easy use and includes cross references and alphanumeric part number index. 

SGI 03 

CMOS LOGIC SELECTION GUIDE (1994: 288pp) This product selection guide contains technical information on Harris 
Semiconductor High Speed 54/74 CMOS Logic Integrated Circuits for commercial, industrial and military applications. It covers 
Harris’ High Speed CMOS Logic HC/HCT Series, AC/ACT Series, BICMOS Interface Logic FCT Series and CMOS Logic 
CD4000B Series. 

BR-057.3 

AnswerFAX CATALOG (Fall 1996:112pp) A Complete AnswerFAX Catalog listing. 


MAIL STOP_ 


CITY, STATE:_ 


LITERATURE REQUESTS SHOULD BE DIRECTED TO: HARRIS FULFILLMENT FAX #: 610-265-2520 
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SEMICONDUCTOR 


AnswerFAX Technical Support 


APPLICATION NOTE LISTING 


AnswerFAX 
DOC. NO. 

APPLICATION 

NOTE 

TITLE 

LINEAR ANDTE 

ELECOM APPLICATION NOTES 


9515 

(General Op Amps) 

AN515 

Operational Amplifier Stability: Input Capacitance Considerations (2 pages) 

9519 

(General Op Amps) 

AN519 

Operational Amplifier Noise Prediction (3 pages) AN519.1 

9551 

(General Op Amps) 

AN551 

Recommended Test Procedures for Operational Amplifiers (5 pages) AN551.1 

9556 

(General Op Amps) 

AN556 

Thermal Safe-Operating-Areas for High Current Op Amps (5 pages) 

95290 

(General Op Amps) 

AN5290 

Integrated Circuit Operational Amplifiers (20 pages) 

97304 

(General Op Amps) 

AN7304 

SCRs As Transient-Protection Structure in Integrated Circuits (3 pages) AN7304 

98743 

(General Logic), CD4007B, CD4060 
AN8743 

Micropower Crystal-Controlled Oscillator Design Using CMOS Inverters (8 pages) 

99415 

(General Op Amps) 

AN9415 

Feedback, Op Amps and Compensation (12 pages) AN9415.3 

99415 

(General Op Amps) 

AN9415 

Feedback, Op Amps and Compensation (12 pages) 

99420 

(General Op Amps) 

AN9420 

Current Feedback Amplifier Theory and Applications (7 pages) AN9420.1 

99510 

(General Op Amps) 

AN9510 

Basic Analog for Digital Designers (6 pages) AN9510.1 

99523 

(General Op Amps) 

AN9523 

Evaluation Programs for SPICE Op Amp Models (10 pages) AN9523 

99640 

(General Communication) 
AN9640 

Glossary of Communication Terms (31 pages) AN9640.1 

96915 

CA1524 

AN6915 

Application of the CA1524 Series Pulse-Width Modulator ICs (18 pages) 

96182 

CA3058, CA3059, CA3079 
AN6182 

Features and Applications of Integrated Circuit Zero-Voltage Switches (CA3059 and 
CA3079) (31 pages) 

96668 

CA3080, CA3080A 

AN6668 

Applications of the CA3080 and CA3080A High-Performance Operational 
Transconductance Amplifiers (17 pages) AN6668.1 

96048 

CA3094 

AN6048 

Some Applications of a Programmable Power Switch/Amplifier (13 pages) 

96077 

CA3094, OTA 

AN6077 

An 1C Operational-Transconductance-Amplifier (OTA) With Power Capability 
(12 pages) 

96459 

CA3130 

AN6459 

Why Use the CMOS Operational Amplifiers and How to Use it (4 pages) 

96386 

CA3130 

AN6386 

Understanding and Using the CA3130, CA3130A and CA3130B BiMOS Operation 
Amplifiers (5 pages) 

97326 

CA3228 

AN7326 

Applications of the CA3228 Speed Control System (16 pages) 

96669 

CA3240 

AN6669 

FET-Bipolar Monolithic Op Amps Mate Directly to Sensitive Sources (3 pages) 

96818 

CA3280 

AN6818 

Dual Variable Op-Amp 1C, the CA3280, Simplifies Complex Analog Designs (5 pages) 
AN6818 

98707 

CA3450 

AN8707 

The CA3450: A Single-Chip Video Line Driver and High Speed Op Amp (14 pages) 
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AnswerFAX Technical Support 


SEMICONDUCTOR 


APPLICATION NOTE LISTING (Continued) 


AnswerFAX 
DOC. NO. 

APPLICATION 

NOTE 

TITLE 

98811 

CA5470 

AN8811 

BiMOS-E Process Enhances the CA5470 Quad Op Amp (8 pages) 

98742 

CD22402 

AN8742 

Application of the CD22402 Video Sync Generator (4 pages) 

98823 

CD54HC4046A, CD54HC7046A, 
CD54HCT4046A, CD54HCT7046A, 
CD74HC4046A, CD74HC7046A, 
CD74HCT4046A, CD74HCT7046A 

AN8823 

CMOS Phase-Locked-Loop Applications Using the CD54/74HC/HCT4046A and 
CD54/74HC/HCT7046A (23 pages) 

9514 

HA-2400 

AN514 

The HA-2400 PRAM Four Channel Operational Amplifier (7 pages) ANSI4.1 

9517 

HA-2420, HA-2425, HA-5330 
AN517 

Applications of Monolithic Sample and Hold Amplifier (5 pages) 

662500 

HA-2500, HA-2502 

MM2500 

HA2500/02 Spice Operational Amplifier Macro-Model (5 pages) MM2500.1 

662510 

HA-2510, HA-2512 

MM2510 

HA-2510/12 Spice Operational Amplifier Macro-Model (4 pages) 

662520 

HA-2520, HA-2522 

MM2520 

HA-2520/22 Spice Operational Amplifier Macro-Model (4 pages) 

662539 

HA-2539 

MM2539 

HA-2539 Spice Operational Amplifier Macro-Model (4 pages) 

9541 

HA-2539, HA-2540 

AN541 

Using HA-2539 or HA-2540 Very High Slew Rate, Wideband Operational Amplifier 
(4 pages) 

662540 

HA-2540 

MM2540 

HA-2540 Spice Operational Amplifier Macro-Model (4 pages) 

662541 

HA-2541 

MM2541 

HA-2541 Spice Operational Amplifier Macro-Model (5 pages) 

9550 

HA-2541 

AN550 

Using the HA-2541 (6 pages) 

662542 

HA-2542 

MM2542 

HA-2542 Spice Operational Amplifier Macro-Model (5 pages) 

9552 

HA-2542 

AN552 

Using the HA-2542 (5 pages) 

662544 

HA-2544 

MM2544 

HA-2544 Spice Operational Amplifier Macro-Model (5 pages) 

99313 

HA-2546, HA-5020, HA-5033, 
HI-5700 

AN9313 

Circuit Considerations In Imaging Applications (8 pages) AN9313.1 

662548 

HA-2548 

MM2548 

HA-2548 Spice Operational Amplifier Macro-Model (5 pages) 

99515 

HA-2556, HA-5177 

AN9515 

Multiplier Improves the Dynamic Range of Echo Systems (2 pages) AN9515.1 

662600 

HA-2600, HA-2602 

MM2600 

HA-2600/02 Spice Operational Amplifier Macro-Model (5 pages) 

9509 

HA-2620 

AN509 

A Simple Comparator Using the HA-2620 (1 page) 

662620 

HA-2620, HA-2622 

MM2620 

HA-2620/22 Spice Operational Amplifier Macro-Model (5 pages) 

9546 

HA-2625 

AN546 

A Method of Calculating HA-2625 Gain Bandwidth Product vs. Temperature (4 pages) 
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APPLICATION NOTE LISTING (Continued) 


AnswerFAX 
DOC. NO. 

APPLICATION 

NOTE 

TITLE 

662839 

HA-2839 

MM2839 

HA-2839 Spice Operational Amplifier Macro-Model (4 pages) 

662840 

HA-2840 

MM2840 

HA-2840 Spice Operational Amplifier Macro-Model (4 pages) 

662841 

HA-2841 

MM2841 

HA-2841 Spice Operational Amplifier Macro-Model (4 pages) 

99516 

HA-2841 

AN9516 

Adjustable Bandpass or Bandreject Filter (2 pages) AN9516.1 

662842 

HA-2842 

MM2842 

HA-2842 Spice Operational Amplifier Macro-Model (4 pages) 

662850 

HA-2850 

MM2850 

HA-2850 Spice Operational Amplifier Macro-Model (4 pages) 

665002 

HA-5002 

MM5002 

HA-5002 Spice Buffer Amplifier Macro-Model (4 pages) 

665004 

HA-5004 

MM5004 

HA-5004 Spice Current Feedback Amplifier Macro-Model (4 pages) 

99621 

HA5013 

AN9621 

Comparison of Current Feedback Op Amp SPICE Models (7 pages) AN9621.1 

665013 

HA5013 

MM5013 

HA5013 SPICE Macromodel (CFA) (8 pages) MM5013.1 

99305 

HA5020 

AN9305 

HA5020 Operational Amplifier Feedback Resistor Selection (2 pages) AN9305 

665020 

HA-5020 

MM5020 

HA-5020 SPICE Macromodel (CFA) (7 pages) MM5020 

665022 

HA5022 

MM5022 

HA5022 SPICE Macromodel (CFA) (7 pages) MM5022 

99503 

HA5022 

AN9503 

Low Output Impedance MUX (1 page) AN9503.1 

665023 

HA5023 

MM5023 

HA5023 SPICE Macromodel (CFA) (8 pages) MM5023 

99508 

HA5024 

AN9508 

Video Multiplexer Delivers Lower Signal Degradation (1 page) AN9508.1 

99637 

HA5024, HFA3102 

AN9637 

Simple Phase Meter Operates to 10MHz (2 pages) AN9637 

665024 

HA5024 

MM5024 

HA5024 SPICE Macromodel (CFA) (7 pages) MM5024.1 

99502 

HA5025 

AN9502 

Oscillator Produces Quadrature Waves (2 pages) AN9502.1 

665025 

HA5025 

MM5025 

HA5025 SPICE Macromodel (CFA) (8 pages) MM5025.1 

9548 

HA-5033 

AN548 

A Designers Guide for the HA-5033 Video Buffer (12 pages) AN548.1 

665033 

HA-5033 

MM5033 

HA-5033 Spice Buffer Amplifier Macro-Model (4 pages) 

665101 

HA-5101 

MM5101 

HA-5101 Spice Operational Amplifier Macro-Model (5 pages) 

9554 

HA-5101, HA-5102, HA-5104, 
HA-5111, HA-5112, HA-5114 

AN554 

Low Noise Family HA-5101/02/04/11/12/14 (7 pages) 
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AnswerFAX Technical Support 

APPLICATION NOTE LISTING (Continued) 


AnswerFAX 
DOC. NO. 

APPLICATION 

NOTE 

TITLE 

665102 

HA-5102 

MM5102 

HA-5102 Spice Operational Amplifier Macro-Model (5 pages) 

665104 

HA-5104 

MM5104 

HA-5104 Spice Operational Amplifier Macro-Model (5 pages) 

665112 

HA-5112 

MM5112 

HA-5112 Spice Operational Amplifier Macro-Model (5 pages) 

99536 

HA5112 

AN9536 

PSPICE Performs Op Amp Open Loop Stability Analysis (2 pages) AN9536.1 

665114 

HA-5114 

MM5114 

HA-5114 Spice Operational Amplifier Macro-Model (5 pages) 

665127 

HA-5127 

MM5127 

HA-5127 Spice Operational Amplifier Macro-Model (4 pages) 

9553 

HA-5127, HA-5137, HA-5147 

AN553 

HA-5147/37/27, Ultra Low Noise Amplifiers (8 pages) 

665137 

HA-5137 

MM5137 

HA-5137 Spice Operational Amplifier Macro-Model (4 pages) 

665147 

HA-5147 

MM5147 

HA-5147 Spice Operational Amplifier Macro-Model (4 pages) 

9544 

HA-514X 

AN544 

Micropower Op Amp Family (6 pages) 

9543 

HA-5160, HA-5170 

AN543 

New High Speed Switch Offers Sub-50ns Switching Times (7 pages) 

9540 

HA-5170 

AN540 

HA-5170 Precision Low Noise JFET Input Operation Amplifier (4 pages) 

665190 

HA-5190 

MM5190 

HA-5190 Spice Operational Amplifier Macro-Model (4 pages) 

9525 

HA-5190, HA-5195 

AN525 

HA-5190/5195 Fast Settling Operational Amplifier (4 pages) 

9526 

HA-5190, HA-5195 

AN526 

Video Applications for the HA-5190/5195 (5 pages) 

9538 

HA-5320 

AN538 

Monolithic Sample/Hold Combines Speed and Precision (6 pages) 

99334 

HA7210 

AN9334 

Improving Start-up Time at 32kHz for the HA7210 Low Power Crystal Oscillator 
(2 pages) AN9334.1 

99317 

HA7210 

AN9317 

Micropower Clock Oscillator and Op Amps Provide System Control for Battery 
Operated Circuits (2 pages) AN9317.1 

9571 

HC-5502B, HC-5504B, HC-5504DLC 
AN571 

Using Ring Sync with HC-5502A and HC-5504 SLICs (2 pages) 

9549 

HC-5502B, HC-5504B, 
HC-5504DLC, HC-5509A1, 
HC-5509B, HC-5524 

AN549 

The HC-550X Telephone Subscriber Line Interface Circuits (SLIC) (19 pages) 

99607 

HC-5509B, HC5509A1R3060, 
HC5517, HC-5524 

AN9607 

Series of SLICs (6 pages) AN9607 

99608 

HC-5509B, HC5509A1R3060, 
HC5517, HC-5524 

AN9608 

Implementing Pulse Metering for the HC5509 Series of SLICs (4 pages) AN9608 

99628 

HC5509B, HC5509A1R3060, 
HC5517, HC5524 

AN9628 

AC Voltage Gain for the HC5509 Series of SLICs (2 pages) AN9628 
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AnswerFAX 
DOC. NO. 

APPLICATION 

NOTE 

TITLE 

99327 

HC-5509A1 

AN9327 

HC-5509A1 Ring Trip Component Selection (9 pages) 

99537 

HC5513, HC5526 

AN9537 

Operation of the HC5513, HC5526 Evaluation Board (7 pages) AN9537.1 

99636 

HC5513EVAL, HC^517, 
HC5517EVAL, HC5523EVAL 
AN9636 

Implementing an Analog Port for ISDN Using the HC5517 (14 pages) AN9636 

99606 

HC5513EVAL, HC5517, 
HC5517EVAL, HC5523EVAL 
AN9606 

Operation of the HC5517 Evaluation Board (HC5517EVAL) (10 pages) AN9606.3 

99632 

HC5523, HC5515 

AN9632 

Operation of the HC5523, HC5515 Evaluation Board (9 pages) AN9632 

9573 

HC-5560 

AN573 

The HC-5560 Digital Line Transcoder (6 pages) 

9574 

HC-55536 

AN574 

Understanding PCM Coding (3 pages) 

9576 

HC-55564 

AN576 

HC-5512 PCM Filter Cleans Up CVSD CODEC Signals (2 pages) AN576 

9607 

HC-55564 

AN607 

Delta Modulation for Voice Transmission (5 pages) 

99202 

HFA1100, HFA1130 

AN9202 

Using the HFA1100, HFA1130 Evaluation Fixture (2 pages) AN9202 

99513 

HFA1103 

AN9513 

Component Video Sync Formats (3 pages) AN9513 

99514 

HFA1103 

AN9514 

Video Amplifier with Sync Stripper and DC Restore (2 pages) AN9514 

99507 

HFA1112, HFA1114 

AN9507 

Video Cable Drivers Save Board Space, Increase Bandwidth (2 pages) AN9507.1 

99653 

HFA1115, HFA1130, HFA1135 
AN9653 

Use and Application of Output Limiting Amplifiers (5 pages) AN9653 

99524 

HFA1212 

AN9524 

HFA1212 Dual Video Buffer Forms Differential Line Driver/Receiver (1 page) AN9524 

99315 

HFA3046, HFA3096, HFA3127, 
HFA3128 

AN9315 

RF Amplifier Design Using HFA3046, HFA3096, HFA3127, HFA3128 Transistor Arrays 
(4 pages) AN9315.1 

663046 

HFA3046, HFAd096, HFA3127, 
HFA3128 

MM3046 

HFA3046/3096/3127/3128 Transistor Array Spice Models (4 pages) 

99528 

HFA3101 1 

AN9528 

900MHz Down Converter Consumes Little Power (1 page) AN9528.1 

99641 

HFA3102, CA5160, HI5731 
AN9641 

High-Frequency VGA Has Digital Control (2 pages) AN9641 

99627 

HFA3424 

AN9627 

Using the HFA3424 Evaluation Board (2 pagers) AN9627 

99630 

HFA3524EVAL 

PRISM Chip Set 

AN9630 

Using The HFA3524 Evaluation Board (13 pages) AN9630 

99618 

HFA3624EVAL, PRISM Chip Set 
AN9618 

Using the PRISM^^ HFA3624 Evaluation Board (12 pages) AN9618.2 

99638 

HFA3925EVAL, PRISM Chip Set 

AN9638 

Using The HFA3925 Evaluation Board (5 pages) AN9638 
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AnswerFAX 
DOC. NO. 

APPLICATION 

NOTE 

TITLE 

99314 

HFA5250, HFA5251 

AN9314 

Harris UHF Pin Drivers (HFA5250, HFA5251) (4 pages) AN9314.1 

9053 

ICL7650S 

AN053 

The ICL7650S: A New Era in Glitch-Free Chopper Stabilized Amplifiers (14 pages) 
AN053.1 

9040 

ICL8013 

AN040 

Using the ICL8013 Four Quadrant Analog Multiplier (6 pages) 

9013 

ICL8038 

AN013 

Everything You Always Wanted To Know About The ICL8038 (4 pages) AN9013.1 

9007 

ICL8048, ICL8049 

AN007 

Using the 8048/8049 Log/Antilog Amplifier (6 pages) 

99614 

PRISM^** Chip Set 

AN9614 

Low Data Rate Applications (3 pages) AN9614 

99622 

PRISM™ Chip Set 

AN9622 

Using the PRISM™ HFA3724 Evaluation Board (16 pages) AN9622 

99633 

PRISM Chip Set 

AN9633 

Processing Gain for Direct Sequence Spread Spectrum Communication Systems and 
PRISM™ (4 pages) AN9633 

99639 

PRISM Chip Set 

AN9639 

Harris PRISM Wireless LAN Network Connectivity and Utility SW (non IEEE802.11) 
For the WLAN Evaluation Kit (3 pages) AN9639 

I LINEAR AND TELECOM TECHBRIEFS | 

8252 

TB52 

Electrostatic Discharge Control: A Guide To Handling Integrated Circuits (2 pages) 
TB52 

82334 

(General Linear, Telecom) 
TB334 

Guidelines for Soldering Surface Mount Components to PC Boards (1 page) TB334 

82337 

PRISM™ Chip Set 

TB337 

A Brief Tutorial on Spread Spectrum and Packet Radio (3 pages) TB337.1 

I DATA ACQUISITION APPLICATION NOTES 

9001 

(General DAQ) 

AN001 

Glossary of Data Conversion Terms (6 pages) 

9002 

(General DAQ) 

AN002 

Principles of Data Acquisition and Conversion (20 pages) 

9009 

(General DAQ) 

AN009 

Pick Sample-Holds by Accuracy and Speed and Keep Hold Capacitors in Mind 
(7 pages) 

9012 

(General DAQ) 

AN012 

Switching Signals with Semiconductors (4 pages) 

9016 

(General DAQ) 

AN016 

Selecting A/D Converters (7 pages) 

9018 

(General DAQ) 

AN018 

Do's and Dont’s of Applying A/D Converters (4 pages) 

9020 

(General DAQ) 

AN020 

A Cookbook Approach to High Speed Data Acquisition and Microprocessor 
Interfacing (23 pages) 

9043 

(General DAQ) 

AN043 

Video Analog-to-Digital Conversion (6 pages) 

9047 

(General DAQ) 

AN047 

Games People Play with A/D Converters (27 pages) 

9048 

(General DAQ) 

AN048 

Know Your Converter Codes (5 pages) 

9520 

(General DAQ) 

AN520 

CMOS Analog Multiplexers and Switches; Applications Considerations (9 pages) 
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AnswerFAX 
DOC. NO. 

APPLICATION 

NOTE 

TITLE 

9521 

(General DAQ) 

AN521 

Getting the Most Out of CMOS Devices for Analog Switching Jobs (7 pages) 

9522 

(General DAQ) 

AN522 

Digital to Analog Converter Terminology (3 pages) 

9524 

(General DAQ) 

AN524 

Digital to Analog Converter High Speed ADC Applications (3 pages) 

9531 

(General DAQ) 

AN531 

Analog Switch Applications in A/D Data Conversion Systems (4 pages) 

9532 

(General DAQ) 

AN532 

Common Questions Concerning CMOS Analog Switches (4 pages) 

9535 

(General DAQ) 

AN535 

Design Considerations for Data Acquisition Systems (DAS) (7 pages) 

9557 

(General DAQ) 

AN557 

Recommended Test Procedures for Analog Switches (6 pages) 

99337 

(General DAQ) 

AN9337 

Reduce CMOS-Multiplexer Troubles Through Proper Device Selection (6 pages) 

99419 

(General DAQ) 

AN9419 

Using the DAC Reconstruct Board (8 pages) 

99214 

CA3304, CA3306, CA3318, Hl^700, 
HI5701, HI5800, HI1166, HI1175, 
HI1176, HI1276, Hi1386, HI1396 
AN9214 

Using Harris High Speed A/D Converters (10 pages) 

98759 

CDP68HC05C4 

AN8759 

Low Cost Data Acquisition System Features SPI A/D Converter (9 pages) 

99313 

HA-2546, HA-5020, HA-5033, 
HA-5177, HI-5700 

AN9313 

Circuit Considerations in Imaging Applications (8 pages) 

99402 

HI-0201 

AN9402 

Keeping the HI-0201 Switch Closed when Removing the V+ Supply (1 page) 

9543 

HI-201 HS 

AN543 

New High Speed Switch Offers Sub-50ns Switching Times (7 pages) 

9559 

HI-222 

AN559 

HI-222 Video/HF Switch Optimizes Key Parameters (7 pages) 

99316 

HI-222 

AN9316 

Power Supply Considerations for the HI-222 High Frequency Video Switch (2 pages) 

9534 

HI-300 

AN534 

Additional Information on the HI-300 Series Switch (5 pages) 

9539 

HI-DAC16 

AN539 

A Monolithic 16-blt D/A Converter (5 pages) 

99328 

HI1166 

AN9328 

Using the H11166 Evaluation Board (9 pages) 

99411 

HI1171 

AN9411 

Using the HI1171 Evaluation Kit (6 pages) 

99329 

HI1171,HI1176 

AN9329 

Using the HI1176/HI1171 Evaluation Board (5 pages) 

99331 

HI1175 

AN9331 

Using the HI1175 Evaluation Board (10 pages) 

99407 

HI1176, HI1179 

AN9407 

Using the HI1176/HI1179 Evaluation Board (13 pages) 
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APPLICATION 

NOTE 

TITLE 

99533 

HI1176 

AN9533 

Design Considerations When Using the H11176 Input Clamp Circuit (4 pages) 

AN9533 

99333 

HI1386 

AN9333 

Using the Hi1386 Adapter Board (2 pages) 

99330 

Mil 396 

AN9330 

Using the H11396 Evaluation Board (9 pages) 

99330 

HI1396 

AN9330 

Using the H11396 Evaluation Board (9 pages) 

99406 

HI20201, HI20203 

AN9406 

Using the HI20201/03 Evaluation Kit (11 pages) 

99214 

HI-5700, HI-5800 

AN9214 

Using Harris High Speed A/D Converters (10 pages) AN9214.2 

99215 

HI-5700 

AN9215 

Using the HI-5700 Evaluation Board (7 pages) 

99213 

HI-5700, HI-5701 

AN9213 

Advantages and Application of Display Integrating A/D Converters (6 pages) 

99216 

HI-5701 

AN9216 

Using the Hl-5701 Evaluation Board (8 pages) 

99413 

HI5702 

AN9413 

Driving the Analog Input of the HI5702 (3 pages) 

99509 

HI5702, HI5703, HSP43220, 
HSP45116 

AN9509 

Digital IF Sub Sampling Using the HI5702, HSP45116 and HSP43220 (5 pages) 
AN99509.1 

99534 

HI5703 

AN9534 

Using the HI5703 Evaluation Board (13 pages) AN9534.1 

99511 

HI5710 

AN9511 

Using the HI5710 Evaluation Board (13 pages) AN9511 

99517 

HI5714 

AN9517 

Using the HI5714 Evaluation Board (11 pages) AN9517 

99410 

HI5721 

AN9410 

Using The HI5721 Evaluation Module (11 pages) AN9410.1 

99501 

HI5721 

AN9501 

Understanding the HI5721 D/A Converter Spectral Specifications (3 pages) AN9501.1 

99602 

HI5731 

AN9602 

Using The HI5731 Evaluation Module (11 pages) AN9602 

99619 

HI5741 

AN9619 

Optimizing Setup Conditions for High Accuracy Measurements of the HI5741 
(4 pages) AN9619 

99626 

HI5741 

AN9626 

Using The HI5741 Evaluation Module (12 pages) AN9626 

99629 

HI5741 

AN9629 

Multi-Tone Performance of the HI5741 (3 pages) AN9629 

99631 

HI5746, HI5703 

AN9631 

Performance Evaluation of the HI5746 Using the HI5703 Evaluation Board (7 pages) 
AN9631 

99530 

HI5780 

AN9530 

Using The HI5780 Evaluation Module (9 pages) AN9530 

99203 

HI5800 

AN9203 

Using the HI5800 Evaluation Board (13 pages) 

99647 

HI5804EVAL 

AN9647 

Using the HI5804 Evaluation Board (14 pages) AN9647 
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AnswerFAX 
DOC. NO. 

APPLICATION 

NOTE 

TITLE 

99326 

HI5812, HI5813 

AN9326 

A Complete Analog-to-Digital Converter Operating from a Single 3.3V Power Supply 
(4 pages) 

99518 

HI7188 

AN9518 

Using The HI7188 Evaluation Kit (22 pages) AN9518.1 

99538 

HI7188 

AN9538 

Using The HI7188 Serial Interface (5 pages) AN9538 

99610 

HI7188 

AN9610 

Interfacing the HI7188 to a Microcontroller (7 pages) AN9610 

99620 

HI7188 

AN9620 

Using the HI7188 with a Single Supply (3 pages) AN9620 

99634 

HI7188 

AN9634 

Using the HI7188 to Create a 64 Channel Multiplexed System (5 pages) AN9634 

99504 

HI7190 

AN9504 

A Brief Introduction to Sigma Delta Conversion (7 pages) AN9504 

99601 

HI7190, ICL7660S 

AN9601 

Using the HI7190 with Single +5V Supply (2 pages) AN9601 

99505 

HI7190 

AN9505 

Using the HI7190 Evaluation Kit (11 pages) 

99527 

HI7190 

AN9527 

Interfacing the HI7190 to a Microcontroller (5 pages) AN9527 

99532 

HI7190 

AN9532 

Using the H17190 in a Multiplexed System (3 pages) AN9532 

9028 

ICL7103A, ICL8052 

AN028 

Build an Auto-Ranging DMM with the ICL7103A/8052A A/D Converter Pair (6 pages) 

9030 

ICL7104 

AN030 

ICL7104: A Binary Output A/D Converter for Microprocessors (16 pages) 

9023 

ICL7106 

AN023 

Low Cost Digital Panel Meter Designs (5 pages) 

9046 

ICL7106 

AN046 

Building a Battery Operated Auto Ranging DVM with the ICL7106 (5 pages) 

9059 

ICL7106 

AN059 

Digital Panel Meter Experiments for the Hobbyist (7 pages) 

9032 

ICL7106, ICL7107, ICL7109 
AN032 

Understanding the Auto-Zero and Common Mode Performance of the ICL7106/7107/ 
7109 Family (8 pages) 

9052 

ICL7106, ICL7117, ICL7126, 
ICL7107, ICL7116 

AN052 

Tips for Using Single Chip 3.5 Digit A/D Converters (9 pages) 

99609 

ICL7106, ICL7107, ICL7116, 
ICL7117, ICL7129, ICL7131, 
ICL7133, ICL7136, ICL713 

AN9609 

Overcoming Common Mode Range Issues When Using Harris Integrating Converters 
(3 pages) AN9609.1 

9049 

ICL7109 

AN049 

Applying the 7109 A/D Converter (5 pages) 

9054 

ICL7135 

AN054 

Display Driver Family Combines Convenience of Use with Microprocessor 
tnterfaceability (18 pages) 

9017 

ICL7135 

AN017 

The Integrating A/D Converter (5 pages) 

99336 

ICL7139 

AN9336 

Multi-Meter Display Converter Eases DMM Design (6 pages) 
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AnswerFAX 
DOC. NO. 

APPLICATION 

NOTE 

TITLE 

9051 

ICL7660 

AN051 

Principles and Applications of the ICL7660 CMOS Voltage Converter (10 pages) 

9042 

ICL8052 

AN042 

Interpretation of Data Converter Accuracy Specifications (11 pages) 

9004 

IH5009 

AN004 

The IH5009 Analog Switch Series (9 pages) 

DATA ACQUISITION TECH BRIEFS 

82330 

(General DAQ) 

TB330 

Higher Speed Clock Rates Help Ease Filtering Requirements in Communication D/As 
(2 pages) 

82334 

(General DAQ) 

TB334 

Guidelines for Soldering Surface Mount Components to PC Boards (2 pages) TB334 

82322 

HI-5700 

TB322 

Replacing an MP7684/MP7684A with an HI5700 (1 page) 

82323 

HI-5701 

TB323 

Replacing an MP7682 with an HI5701 (1 pages) > 

82325 

(General DAQ), HI5721 

TB325 

Understanding Glitch In A High Speed D/A Converter (2 pages) 

82326 

(General DAQ), HI5721 

TB326 

Measuring Spurious Free Dynamic Range in a D/A Converter (2 pages) 

82328 

(General DAQ), HI5721 

TB328 

Setup and Hold Considerations When Using the H15721 (2 pages) 

82324 

(General DAQ, HI5800) 

TB324 

Clamping the Analog Input of the HI5800 (1 page) 

82335 

HI5810, HI5812, HI5813, HI5816 

TB335 

Driving the Analog Input of the HI581X Family of 12-Bit Analog to Digital Converters 
(2 pages) TB335 

82345 

HI7188 

TB345 

Amended Information to Using the HI7188 Clock Input (1 page) TB345 

82329 

HI7190 

TB329 

Harris Sigma-Delta Calibration Technique (3 pages) TB329 

82331 

HI7190 

TB331 

Using the HI7190 Serial Interface (3 pages) TB331 

DSP APPLICATION NOTES | 

99207 

(General DSP) 

AN9207 

DSP Temperature Considerations (2 pages) 

99102 

(General DSP, Logic, |iP) 
AN9102 

Noise Aspects of Applying Advanced CMOS Semiconductors (9 pages) 

99615 

HSP3824 AN9615 

HSP3824 Evaluation Board and Associated Software (18 pages) AN9615 

99616 

HSP3824 

AN9616 

Programming the HSP3824 (17 pages) AN9616 

99509 

HI5702, HSP43220, HSP45116 

AN9509 

Digital IF Sub Sampling Using the HI5702, HSP45116 and HSP43220 (5 pages) 
AN99509.1 

99418 

HSP43168 

AN9418 

HSP43168 Configured to Perform Complex Filtering (5 pages) 

99421 

HSP43168 

AN9421 

HSP43168 Configured to Perform Multi-Channel Filtering (9 pages) AN9421 

99403 

HSP43220 

AN9403 

Predicting Data Throughput in the Harris HSP43220 (5 pages) 

9114 

HSP43481, HSP43891 

AN114 

Real-Time Two-Dimensional Spatial Filtering with the Harris Digital Filter Family 
(43 pages) or call Harris Semiconductor (407) 724-7237 and request by mail. 
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AnswerFAX 
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NOTE 

TITLE 

9115 

HSP43481, HSP43881, HSP43891 
AN115 

Digital Filter (DF) Family Overview (6 pages) 

9113 

HSP43481, HSP43881, HSP43891 
AN113 

Some Applications of Digital Signal Processing Techniques to Digital Video (5 pages) 

9116 

HSP43891 

AN116 

Extended Digital Filter Configurations (10 pages) 

99205 

HSP45240 

AN9205 

Timing Relationships for HSP45240 (2 pages) 

99206 

HSP45256, HSP9501 

AN9206 

Correlating on Extended Data Lengths (2 pages) 

99535 

HSP48212 

AN9535 

Applying the HSP48212 In A Professional Video System (4 pages) AN9535 

99401 

HSP50016 

AN9401 

Reducing the Minimum Decimation Rate of the HSP50016 Digital Down Converter 
(10 pages) 

99603 

HSP50016, HSP43124, HSP43168 

AN9603 

An Introduction to Digital Filters (HSP50016, HSP43124, HSP43168) (9 pages) 
AN9603 

99617 

PRISM Chip Set 

AN9617 

Hardware/Software Interface Description for PRISM™ Radio Design with an Example 
Using the Am79C930 Media Access Controller. (13 pages) AN9617 

99623 

PRISM Chip Set 

AN9623 

Packet Error Rate Measurements Using the PRISM™ Chip Set (4 pages) AN9623 

99624 

PRISM Chip Set 

AN9624.1 

PRISM™ DSSS PC Card Wireless LAN Description (6 pages) AN9624.1 

1 DSP TECH BRIEFS 

8252 

(General DSP) 

TB52 

Electrostatic Discharge Control a Guide to Handling Integrated Circuits (2 pages) 

82336 

HSP43168 

TB336 

3x3 10-Bit Convolver Using the HSP43168 (1 page) TB336 

82334 

(General DSP) 

^ TB334 

Guidelines for Soldering Surface Mount Components to PC Boards (2 pages) TB334 

82314 

HSP43168, HSP43220, HSP45116 
TB314 

Quadrature Down Conversion with the HSP45116, HSP43168 and HSP43220 
(7 pages) 

82311 

HSP43220 

TB311 

HSP43220 - Design of Filters with Output Rates <2 (Passband + Transition) (2 pages) 

82313 

HSP43220 

TB313 

Reading Out FIR Coefficients from the HSP43220 (1 page) 

82309 

HSP43220 

TB309 

Notes on using the HSP43220 (3 pages) 

82310 

HSP43220 

TB310 

Common Abuses of the HSP43220 (1 page) 

82308 

HSP43220 

TB308 

HSP43220 Deci*Mate Design Rule Checks (2 pages) 

82312 

HSP43220 

TB312 

HDF Bypass In the HSP43220 (1 page) 

82318 

HSP45102, HSP45106 

TB318 

The NCO as a Stable, Accurate Synthesizer (3 pages) 

82317 

HSP45106 

TB317 

Pipeline Delay Through the HSP45106 (2 pages) 

82319 

HSP45106 

TB319 

Reading the Phase Accumulator of the HSP45106 (2 pages) 
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AnswerFAX 
DOC. NO. 

APPLICATION 

NOTE 

TITLE 

82327 

HSP45116 

TB327 

Using the HSP45116 as a Complex Multiplier Accumulator (4 pages) 

82316 

HSP45116 

TB316 

Pipeline Delay Through the HSP45116 (1 pages) 

82315 

HSP45116 

TB315 

Processing Signals at Increased Sample Rates with Mulitple HSP45116’s (1 page) 

82303 

HSP45256 

TB303 

HSP45256 Correction to Data Sheet (1 page) 

82306 

HSP45256 

TB306 

Cascading Multiple HSP45256 Correlators (2 pages) 

82307 

HSP45256 

TB307 

Correlation with Multibit Data using the HSP45256 (2 pages) 

82305 

HSP48410 

TB305 

Histogramming with a Variable Pixel Increment (2 pages) 

82302 

HSP48901 

TB302 

Notice to Specification Change HSP48901 (1 page) 

82338 

PRISM Chip Set 

TB338 

Using the PRISM™ Chip Set for Timing Measurements (Ranging) (2 pages) TB338 

POWER APPLICATION NOTES 

99416 

(General BiMOS) 

AN9416 

Thermal Considerations In Power BiMOS Low Side Drivers (HIP0080, HIP0081, 
HIP0082, CA3282 and Others) (19 pages) AN9416.1 

98602 

(General IGBTs) 

AN8602 

The IGBTs - A New High Conductance MOS-Gated Device (3 pages) AN8602.1 

98603 

(General IGBTs) 

AN8603 

Improved IGBTs with Fast Switching Speed And High-Current Capability (4 pages) 
AN8603.2 

99318 

(General IGBTs) 

AN9318 

Insulated-Gate Transistors Simplify AC-Motor Speed Control (12 pages) AN9318 

99319 

(General IGBTs) 

AN9319 

Parallel Operation Of Insulated Gate Transistors (6 pages) AN9319 

99408 

(General IGBTs, MCTs), HIP2030 
AN9408 

The HIP2030 MCT/IGBT Gate Driver Provides Isolated Control Signals To Switch 
Power Devices (7 pages) AN9408.2 

97244 

(General MOSFETs) 

AN7244 

Understanding Power MOSFETs (4 pages) AN7244.2 

97254 

(General MOSFETs) 

AN7254 

Switching Waveforms Of The L2FET: A 5 Volt Gate-Drive Power MOSFET (8 pages) 
AN7254.2 

97260 

(General MOSFETs) 

AN7260 

Power MOSFET Switching Waveforms: A New Insight (7 pages) AN7260.2 

97332 

(General MOSFETs) 

AN7332 

The Application Of Conductivity-Modulated Field-Effect Transistors (5 pages) 
AN7332.1 

98610 

(General MOSFETs) 

AN8610 

Spicing-Up Spice il Software for Power MOSFET Modeling (8 pages) 

99209 

(General MOSFETs) 

AN9209 

A Splce-2 Subcircuit Representation for Power MOSFETs, Using Empirical Methods 
(4 pages) 

99210 

(General MOSFETs) 

AN9210 

A New PSpIce Subcircuit for the Power MOSFET Featuring Global Temperature 
Options (12 pages) 

99320 

(General MOSFETs & IGBTs) 
AN9320 

Parallel Operation Of Semiconductor Switches (4 pages) AN9320 

99321 

(General MOSFETs) 

AN9321 

Single Pulse Undamped Inductive Switching: A Rating System (5 pages) 
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DOC. NO. 

APPLICATION 

NOTE 

TITLE 

99322 

(General MOSFETs) 

AN9322 

A Combined Single Pulse and Repetitive UlS Rating System (4 pages) AN9322.1 

99409 

(General MOSFETs) 

AN9409 

Safe Operating Area Testing Without a Heat Sink (4 pages) 

99512 

(General MOSFETs) 

AN9512 

Practical Aspects of Using PowerMOS Transistors to Drive Inductive Loads (8 pages) 
AN9512 

797338 

(General MOSFETs & MCTs) 
MMPWRDEV 

Harris Power MOSFET and MCT SPICE Model Library (100 pages) or Call Harris 
Semiconductor (407) 724-7237 and request by mail. 

MMPWRDEV.3 

98820 

(General MOVs) 

AN8820.2 

Recommendations for Soldering Terminal Leads to MOV Varistor Discs (2 pages) 
AN8820.2 

99002 

(General MOVs) 

AN9002 

Transient Voltage Suppression in Automotive Vehicles (8 pages) 

99003 

(General MOVs) 

AN9003 

Low-Voltage Metal-Oxide Varistor - Protection for Low Voltage (<5V) ICs (13 pages) 

99204 

(General MOVs) 

AN9204 

Tools for Controlling Voltage Surges and Noise (4 pages) 

99307 

(General MOVs) 

AN9307 

The Connector Pin Varistor for Transient Voltage Protection in Connectors (7 pages) 
AN9307.1 

99308 

(General MOVs) 

AN9308 

Voltage Transients and Their Suppression (5 pages) AN9308.1 

99310 

(General MOVs) 

AN9310 

Surge Suppression Technologies Advantages and Disadvantages (MOVs, SADs, 

Gas Tubes, Filters and Transformers) (6 pages) AN9310 

99311 

(General MOVs) 

AN9311 

The ABCs of MOVs (3 pages) AN9311.3 

99312 

(General MOVs) 

AN9312 

Suppression of Transients in an Automotive Environment (11 pages) AN9312.2 

95766 

CA3020A, CA3020 

AN5766 

Application of the CA3020 and CA3020A Multipurpose Wide-Band Power Amplifiers 
(8 pages) 

98614 

CA1523 

AN8614 

The CA1523 Variable Interval Pulse Regulator (VIPUR) for Switch Mode Power 
Supplies (13 pages) 

96915 

CA1524 

AN6915 

Application of the CA1524 Series Pulse-Width Modulator ICs (18 pages) 

97174 

CA1524 

AN7174 

The CA1524 Pulse-Width Modulator-Driver for an Electronic Scale (2 pages) 

96182 

CA3058, CA3059, CA3079 
AN6182 

Features and Applications of Integrated Circuit Zero-Voltage Switches (CA3059 and 
CA3079) (31 pages) 

96157 

CA3085 

AN6157 

Applications of the CA3085 Series Monolithic 1C Voltage Regulators (11 pages) 

96048 

CA3094 j 

AN6048 

Some Applications of a Programmable Power Switch/amplifier (13 pages) 

97326 

CA3228 

AN7326 

Applications of the CA3228 Speed Control System (16 pages) 

99201 

CA3242, CA3262, CA3272, CA3282, 
CA3292, HIP0080, HIP0081 

AN9201 

Protection Circuits for Quad and Octal Low Side Power Drivers (9 pages) 

99302 

CA3277 

AN9302 

CA3277 Dual 5V Regulator Circuit Applications (9 pages) 

99414 

HIP2030 

AN9414 

HIP2030 Variable Duty Cycle Transformer Isolated Gate Driver Used In Controlling 
Power Devices (4 pages) AN9414 
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AnswerFAX 
DOC. NO. 

APPLICATION 

NOTE 

TITLE 

99539 

HIP2060 

AN9539 

HIP2060, N-Channel Half-Bridge Power MOSFET Array (14 pages) AN9539 

99605 

HIP2100, HIP2100EVAL2 

AN9605 

A 50W, 48V-to-5V DC-DC Converter Using the HIP2100 (11 pages) AN9605 

99531 

HIP2100EVAL 

AN9531 

General Purpose Design Tool (2 pages) AN9531.1 

99010 

HIP2500 

AN9010 

HIP2500 High Voltage (500VDC) Half-Bridge Driver 1C (8 pages) 

99324 

HIP4080 

AN9324 

HIP4080, 80V High Frequency H-Bridge Driver (14 pages) AN9324.3 

99404 

HIP4080A 

AN9404 

HIP4080A, 80V High Frequency H-Bridge Driver (12 pages) 

99525 

HIP4080AEVAL2 

AN9525.2 

Class-D Auido II Evaluation Board (HIP4080AEVAL2) (16 pages) AN9525.2 

99325 

HIP4081 

AN9325 

HIP4081, 80V High Frequency H-Bridge Driver (13 pages) AN9325.2 

99506 

HIP4081A 

AN9506 

A 50W, 500kHz, Full-Bridge, Phase-Shift, ZVS Isolated DC to DC Converter Using the 
HIP4081A (16 pages) 

99405 

HIP4081A 

AN9405 

HIP4081A, 80V High Frequency H-Bridge Driver (12 pages) AN9405.2 

99611 

HIP4082 

AN9611 

A DC-AC Isolated Battery Inverter Using the HIP4082 (12 pages) AN9611 

99642 

HIP4086 

AN9642 

HIP4086 3-Phase Bridge Driver Configurations and Applications (12 pages) AN9642 

99526 

HIP5011 

AN9526 

A 5V to 3.3V, 7A, Synchronous Rectified Buck Regulator Using the Harris 
SynchroFET™ HIP5011 (9 pages) AN9526 

99625 

HIP5015EVAL2 

AN9625 

A Flexible DC-DC Converter for Powering High-Performance Microprocessors 
(HIP5015EVAL2) (6 pages) AN9625.1 

99613 

HIP5016 

AN9613 

The Harris SynchroFET Dual Converter Using the HIP5016 (5 pages) AN9613 

99643 

HIP5020EVAL1 

AN9643 

HIP5020 Circuit 1 - Evaluation Board HIP5020EVAL1 (4 pages) AN9643 

99212 

HIP5060 

AN9212 

H1P5060 Family of Current Mode Control ICs Enhance 1MHz Regulator Performance 
(7 pages) 

99208 

HIP5060, HIP5061, HIP5062, 
HIP5063 

AN9208 

High Frequency Power Converters (9 pages) 

99323 

HIP5061 

AN9323 

HIP5061 High Efficiency, High Performance, High Power Converter (10 pages) 

99335 

HIP5500 

AN9335 

HIP5500 High Voltage (500VDC) Power Supply Driver 1C (13 pages) 

99417 

HIP5500 

AN9417 

A 360W, Power Factor Corrected, Off-Line Power Supply, Using the HIP5500 
(6 pages) 

99217 

HV-2405E 

AN9217 

High Current Off Line Power Supply (11 pages) 

99301 

HV400, ICL7667 

AN9301 

High Current Logic Level MOSFET Driver (3 pages) 

9051 

ICL7660 

AN051 

Principles and Applications of the ICL7660 CMOS Voltage Converter (10 pages) 
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DOC. NO. 

APPLICATION 

NOTE 

TITLE 

9027 

ICL8211, ICL8212 

AN027 

Power Supply Design Using the ICL8211 and iCL8212 (8 pages) 

98829 

SP600, SP601 

AN8829 

SP600 and SP601 an HVIC MOSFET/IGT Driver for Half-Bridge Topologies (6 pages) 

99105 

SP601 

AN9105 

HVIC/IGBT Half-Bridge Converter Evaluation Circuit (1 page) 

99304 

SP720, SP721 

AN9304 

ESD and Transient Protection Using the SP720 (10 pages) AN9304.3 

99612 

SP720, SP721, SP723 

AN9612 

lEC 1000-4-2 ESD Immunity and Transient Current Capability for the Harris SP720, 

SP721 and SP723 Electronic Protection Array Circuits (6 pages) AN9612 

99306 

V130LA10C, V130LA20C, 
V130LA20CX325, V140LA10C, 
V140LA20C, V140LA20CX340, 
V150LA10C, V150LA20C, 
V150LA20CX360, V175LA10C, 
V175LA20C, V175LA20CX425, 
V230LA20C, V230LA40C, 
V230LA40CX570, V250LA20C, 
V250LA40C, V250LA40CX620, 
V275LA20C, V275LA40C, 
V275LA40CX680, V300LA20C, 
V300LA40C, V300LA40CX745 
AN9306 

The New “C” III Series of Metal Oxide Varistors (5 pages) AN9306 

99211 

V14MLA1206, V18AUMLA1210, 
V18AUMLA1812, V18AUMLA2220, 
V18MLA1206, V18MLA1210, 
V26MLA1206, V26MLA1210, 
V3.5MLA1206, V33MLA1206, 
V42MLA1206, V5.5MLA1206, 
V56MLA1206, V68MLA1206 
AN9211 

Soldering Recommendations for Surface Mount Metal Oxide Varistors and Multilayer 
Transient Voltage Suppressors (7 pages) AN9211 

99108 

V14MLA1206, V18AUMLA1210, 
V18AUMLA1812, V18AUMLA2220, 
V18MLA1206, V18MLA1210, 
V26MLA1206, V26MLA1210, 
V3.5MLA1206, V33MLA1206, 
V42MLA1206, V5.5MLA1206, 
V56MLA1206, V68MLA1206 
AN9108.2 

Harris Multilayer Surface Mount Surge Suppressors (10 pages) AN9108.2 

POWER TECHBRIEFS 

82304 

(General 

MOSFETs) 

TB304 

Advanced Power Package Construction Method Raises TO-252 Reliability to New 
Heights (3 pages) 

82321 

HIP4080, HIP4080A, HIP4081, 
HIP4081A 

TB321 

HIP4080 and HIP4081 High Frequency H-Bridge Drivers (2 pages) 

82332 

HIP5010, HIP5011 

TB332 

An Integrated Synchronous-Rectifier Power 1C with Complementary-Switching 
(HIP5010, HIP5011) (4 pages) TB332 

82320 

SP720, SP721 

TB320 

SP720/SP721 CMOS Protection Model and Other Data (5 pages) 

82334 

(General Power) 

TB334 

Guidelines for Soldering Surface Mount Components to PC Boards (2 pages) TB334 
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COMMUNICATIONa 11 


North American Sales Offices, Representatives and Authorized Distributors May 1 6 , 1 gg? 


ALABAMA 

2480 W. Ruthrauff, Suite #140 

Harris Semiconductor 

Tucson, AZ 85705 

600 Boulevard South 

TEL: (520) 292-0222 

Suite 103 

FAX: 520 292 1008 

Huntsville, AL 35802 

Alliance Electronics, Inc. 

TEL: (205) 883-2791 

Scottsdale 

FAX: 205 883 2861 

TEL: (602) 483-9400 

Giesting & Associates 

Allied Eiectronics 

Suite 15 

Tempe 

4835 University Square 

TEL: (602) 831-2002 

Huntsville, AL 35816 

Newark Electronics 

TEL: (205) 830-4554 

Tempe 

FAX: 205 830 4699 

TEL: (602) 966-6340 

Allied Electronics 

Arrow/Schweber 

Huntsville 

Tempe 

TEL: (205) 721-3500 

TEL: (602) 431-0030 

Mobile 

Hamilton Hallmark 

TEL: (334) 476-1875 

Phoenix 

Arrow/Schweber 

TEL: (602) 437-1200 

Huntsville 

Wyle Electronics 

TEL: (205) 837-6955 

Phoenix 

Hamilton Hallmark 

TEL: (602) 804-7000 

Huntsville 

Zeus, An Arrow Company 

TEL: (205) 837-8700 

Tempe 

Newark Electronics 

TEL: (408) 629-4789 

Birmingham 

TEL: (800) 52-HI-REL 

TEL: (205) 979-7003 

ARKANSAS 

Huntsville 

Newark Electronics 

TEL: (205) 837-9091 

Little Rock 

Mobile 

TEL: (501)225-8130 

TEL: (205) 471-6500 

CALIFORNIA 

Wyle Electronics 

Harris Semiconductor 

Huntsville 

* 1503 So. Coast Drive 

TEL: (205) 830-1119 

Suite 320 

Zeus, An Arrow Company 

Costa Mesa, CA 92626 

Huntsville 

TEL: (714) 433-0600 

TEL: (407) 333-3055 

FAX: 714 433 0682 

TEL: (800) 52-HI-REL 

Harris Semiconductor 


ALASKA 

Newark Electronics 

Bellevue 

TEL: 800-321-8984 

ARIZONA 

Compass Mktg. & Sales, Inc. 
11801 N. Tatum Blvd. #101 
Phoenix, AZ 85028 
TEL: (602) 996-0635 
FAX: 602 996 0586 


3031 Tisch Way 
Suite 800 

San Jose, CA 95128 
TEL: (408) 985-7322 
FAX: 408 985 7455 
Ewing Foley, Inc. 

185 Linden Avenue 
Auburn, CA 95603 
TEL: (916) 885-6591 
FAX: 916 885 6594 


10495 Bandley Avenue 
Cupertino, CA 95014-1972 
TEL: (408) 342-1220 
FAX: 408 342 1221 
Mesa Components, Inc. 
5520 Ruffin Road 
Suite 208 

San Diego, CA 92123 
TEL: (619) 278-8021 
FAX: (619) 576-0964 
Vision Technical Sales, Inc. 
26010 Mureau Road 
Suite 140 

Calabasas, CA 91302 
TEL: (818) 878-7955 
FAX: 818 878 7965 
16257 Laguna Canyon Road 
Suite 150 
Irvine, CA 92618 
TEL: (714) 450-9050 
FAX: (714) 450-9061 
Allied Electronics 
Irvine 

TEL: (714) 727-3010 
Rancho Cucamonga 
TEL: (909) 980-6522 
Rocklin 

TEL: (916) 632-3104 
San Diego 
TEL: (619) 279-2550 
San Jose 

TEL: (408) 383-0366 
Torrance 

TEL: (310) 540-0039 

Woodland Hills 

TEL: (818) 598-0130 

Arrow/Schweber 

Calabasas 

TEL: (818) 880-9686 

Fremont 

TEL: (408) 432-7171 
Irvine 

TEL: (714) 587-0404 
San Diego 

TEL: (619) 565-4800 
San Jose 

TEL: (408) 441-9700 


Bell Microproducts 

Irvine 

TEL: 714-470-2900 
San Diego 
TEL: 619-597-3010 
San Jose 

TEL: 408-451-9400 
Westlake Village 
TEL: 805-496-2606 
Hamilton Hallmark 
Costa Mesa 
TEL: (714) 789-4100 
Los Angeles 
TEL: (818) 594-0404 
Sacramento 
TEL: (916) 632-4500 
San Diego 
TEL: (619) 571-7540 
San Jose 

TEL: (408) 435-3500 
Newark Electronics 
Garden Grove 
TEL: (714) 893-4909 
Riverside 

TEL: (909) 784-1101 
Santa Fe Springs 
TEL: (310) 929-9722 
Sacramento 
TEL: (916) 565-1760 
Chula Vista 
TEL: (619) 691-0141 

San Diego 

TEL: (619) 453-8211 

Palo Alto 

TEL: (415) 812-6300 
Santa Clara 
TEL: (408) 988-7300 
Thousand Oaks 
TEL: (805) 499-1480 
Wyle Electronics 
Los Angeles 
TEL: (818) 880-9000 
Irvine 

TEL: (714) 789-9953 

Sacramento 

TEL: (916) 638-5282 


Fieid Application Assistance Available 
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San Diego 
TEL: (619) 565-9171 
Santa Clara 
TEL: (408) 727-2500 

Zeus, An Arrow Company 

San Jose 

TEL: (408) 629-4789 
TEL: (800) 52-HI-REL 
Irvine 

TEL: (714) 581-4622 
TEL: (800) 52-HI-REL 

CANADA 

Biakewood Electronic 
Systems, Inc. 

#201 - 7382 Winston Street 
Burnaby, BC Canada V5A 2G9 
TEL: (604) 444-3344 
FAX: 604 444 3303 

Cee-Jay Microsystems LTD. 

5925 Airport Road, Suite 614 
Mississauga, Ontario L4V 1W1 
TEL: 905-678-3188 
FAX: 905-678-3166 
308 Palladium Drive 
Suite 200 Kanata, Ontario 
Canada K2B 1A1 
TEL: (613) 599-5626 
FAX: 613 599 5707 
78 Donegani, Suite 200 
Pointe Claire, Quebec 
Canada H9R 2V4 
TEL: (514) 426-0453 
FAX: 514 426 0455 
Allied Electronics 
Burnaby, BC 
TEL: (604) 420-9691 
Nepean, Ontario 
TEL: (613) 228-1964 
Arrow/Schweber 
Burnaby, British Columbia 
TEL: (604) 421-2333 
Dorval, Quebec 
TEL: (514)421-7411 
Nepan, Ontario 
TEL: (613) 226-6903 
Mississagua, Ontario 
TEL: (905) 670-7769 
Anthem Canada 
Burnaby, British Columbia 
TEL: (604) 606-8950 
Calgary, Alberta 
TEL: (403) 273-2780 
Concord, Ontario 
TEL: (416) 798-4884 
Nepean, Ontario 
TEL: (613) 596-6980 

Pointe Claire, Quebec 
TEL: (514) 697-8149 

Winnipeg, Manitoba 
TEL: (204) 786-2589 


Hamilton Hallmark 

Mississagua, Ontario 
TEL: (905) 564-6060 
Montreal 

TEL: (514) 335-1000 
Ottawa 

TEL: (613) 226-1700 
Vancouver, B.C. 

TEL: (604) 420-4101 
Toronto 

TEL: (905) 564-6060 
Newark Electronics 
London, Ontario 
TEL: (519) 685-4280 
Mississauga, Ontario 
TEL: (905) 670-2888 
Mount Royal, Quebec 
TEL: (514) 738-4488 

COLORADO 

Compass Mktg. & Sales, Inc. 

14142 Denver West Pkwy #200 

Golden, CO 80401 

TEL: (303) 277-0456 

FAX: 303 277-0429 

Allied Electronics 

Englewood 

TEL: (303) 790-1664 

Arrow/Schweber 

Englewood 

TEL: (303) 799-0258 

Hamilton Hallmark 

Denver 

TEL: (303) 790-1662 
Colorado Springs 
TEL: (719) 637-0055 

Newark Electronics 

Denver 

TEL: (303) 373-4540 

Wyie Electronics 

Denver 

TEL: (303) 457-9953 
Zeus, An Arrow Company 
TEL: (408) 629-4789 
TEL: (800) 52-HI-REL 

CONNECTICUT 
Advanced Tech. Sales, Inc. 

Westview Office Park 
Bldg. 2, Suite 1C 
850 N. Main Street Extension 
Wallingford, CT 06492 
TEL: (508) 664-0888 
FAX: 203 284 8232 
Alliance Electronics, Inc. 
Milford 

TEL: (203) 874-2001 

Allied Electronics 

Cheshire 

TEL: (203) 272-7730 

Arrow/Schweber 

Wallingford 

TEL: (203) 265-7741 


Hamilton Hallmark 

Danbury 

TEL: (203) 271-5700 
Newark Electronics 
Bloomfield 
TEL: (203) 243-1731 
Zeus, An Arrow Company 
TEL: (914) 937-7400 
TEL: (800) 52-HI-REL 

FLORIDA 

Harris Semiconductor 
2401 Palm Bay Rd. 

Palm Bay, FL 32905 
TEL: (407) 724-7000 
FAX: 407 724 7240 
Sun Marketing Group 
1956 Dairy Rd. 

West Melbourne, FL 32904 
TEL: (407) 723-0501 
FAX: 407 723 3845 

4175 East Bay Drive, Suite 128 
Clearwater, FL 34624 
TEL: (813) 536-5771 
FAX: 813 536 6933 

123 N.W. 13th Avenue, 

Suite 212 

Boca Raton, FL 33432 
TEL: (561) 347-3044 
FAX: 561 347 3045 
Allied Electronics 
Ft. Lauderdale 
TEL: (954) 733-3144 
Jacksonville 
TEL: (904) 739-5920 
Maitland 

TEL: (407) 539-0055 
Miami Lakes 
TEL: (305) 558-2511 
St. Petersburg 
TEL: (813) 579-4660 
Arrow/Schweber 
Deerfield Beach 
TEL: (954) 429-8200 
Lake Mary 
TEL: (954) 333-9300 
Beil Microproducts 
Altamonte Springs 
TEL: 407-682-1199 
TEL: 800-542-3083 
Deerfield Beach 
TEL: 305-429-1001 
Hamilton Hallmark 
Clearwater 
TEL: (813) 507-5000 
Orlando 

TEL: (407) 657-3300 
Miami 

TEL: (954) 484-5482 
Newark Electronics 
Orlando 

TEL: (407) 896-8350 


Ft. Lauderdale 
TEL: (305) 486-1151 
Tampa 

TEL: (813) 287-1578 
Jacksonville 
TEL: (904) 399-5041 
Mobile 

TEL: (205) 471-6500 
Wyle Electronics 
Fort Lauderdale 
TEL: (954) 420-0500 
St. Petersburg 
TEL: (813) 576-3004 
Zeus, An Arrow Company 
Lake Mary 
TEL: (407) 333-3055 
TEL: (800) 52-HI-REL 

GEORGIA 

Giesting & Associates 

* 2434 Hwy. 120, Suite 108 
Duluth, GA 30136 

TEL: (770) 476-0025 
FAX: 770 476 2405 
Allied Electronics 
Duluth 

TEL: (770) 497-9544 

Arrow/Schweber 

Duluth 

TEL: (770) 497-1300 

Hamilton Hallmark 

Atlanta 

TEL: (770) 623-4400 

Newark Electronics 
Norcross 

TEL: (770) 448-1300 

Wyle Electronics 
Atlanta 

TEL: (770) 441-9045 
Zeus, An Arrow Company 
TEL: (407) 333-3055 
TEL: (800) 52-HI-REL 

IDAHO 

Allied Electronics 

Boise 

TEL: (208) 331-1414 

Newark Electronics 

Boise 

TEL: (208) 342-4311 

ILLINOIS 

Harris Semiconductor 

* 1101 Perimeter Dr., Suite 600 
Schaumburg, IL 60173 
TEL: (847) 240-3480 

FAX: 847 619 1511 
L-TECH Marketing, Inc. 

2414 Hwy. 94 South Outer Rd. 
Suite A 

St. Charles, MO 63303 
TEL: (314) 936-2007 
FAX: 314-936-1991 


* Field Application Assistance Available 
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Oasis Sales 

1101 Tonne Road 

Elk Grove Village, IL 60007 

TEL: (847) 640-1850 

FAX: 847 640 9432 

Allied Electronics 

Bensenville 

TEL: (630) 860-0007 

Grayslake 

TEL: (847) 548-9330 

Loves Park 

TEL: (815) 636-1010 

Oak Forest 

TEL: (708) 535-0038 

Arrow/Schweber 

Itasca 

TEL: (630) 250-0500 

Bell Microproducts 
Schaumburg 
TEL: 847-413-8530 
Hamilton Hallmark 
Chicago 

TEL: (847) 797-7300 

Newark Electronics 
Rockford 

TEL: (815) 229-0225 

Springfield 

TEL: (217) 787-9972 

Schaumburg 

TEL: (708)310-8980 

Willowbrook 

TEL: (708) 789-4780 

Wyle Electronics 

Chicago 

TEL: (708) 620-0969 

Zeus, An Arrow Company 

Itasca 

TEL: (708) 250-0500 
TEL: (800) 52-HI-REL 

INDIANA 

Harris Semiconductor 

* 11590 N. Meridian St. 

Suite 100 
Carmel, IN 46032 
TEL: (317) 843-5180 
FAX: 317 843 5191 
Giesting & Associates 
370 Ridgepoint Dr. 

Carmel, IN 46032 
TEL: (317) 844-5222 
FAX: 317 844 5861 
Allied Electronics 
Carmel 

TEL: (317) 571-1880 

Arrow/Schweber 

Indianapolis 

TEL: (317) 299-2071 

EMC/Kent Electronics 

Indianapolis 

TEL: (317) 484-3050 


Hamilton Hallmark 

Carmel 

TEL: (317) 575-3500 

Newark Electronics 

Fort Wayne 

TEL: (219) 484-0766 

Indianapolis 

TEL: (317) 844-0047 

Zeus, An Arrow Company 

TEL: (708) 250-0500 

TEL: (800) 52-HI-REL 

IOWA 

Oasis Sales 
4905 Lakeside Dr., NE 
Suite 203 

Cedar Rapids, lA 52402 
TEL: (319) 377-8738 
FAX: 319 377 8803 
Allied Electronics 
Cedar Rapids 
TEL: (319) 390-5730 
Newark Electronics 
Cedar Rapids 
TEL: (319) 393-3800 
West Des Moines 
TEL: (515) 222-0700 
Bettendorf 
TEL: (319) 359-3711 
Zeus, An Arrow Company 
TEL: (214) 380-4330 
TEL: (800) 52-HI-REL 

KANSAS 

L-TECH Marketing, Inc. 

1 Kings Court, Suite 115 
New Century, KS 66031 
TEL: (913) 829-7884 
FAX: 913-829-7611 
Allied Electronics 
Overland Park 
TEL: (913) 338-4372 
Arrow/Schweber 
Lenexa 

TEL: (913) 541-9542 
Hamilton Hallmark 
Kansas City 
TEL: (913) 663-7900 
Newark Electronics 
Overland Park 
TEL: (913) 677-0727 
Zeus, An Arrow Company 
TEL: (214) 380-4330 
TEL: (800) 52-HI-REL 

KENTUCKY 
Giesting & Associates 

339 Arrowhead Springs Lane 
Versailles, KY 40383 
TEL: (606) 873-2330 
FAX: 606 873 6233 

Newark Electronics 

Louisville 

TEL: (502) 423-0280 


LOUISIANA 
Allied Electronics 

St. Rose 

TEL: (504) 466-7575 
Newark Electronics 
Metairie 

TEL: (504) 838-9771 

MARYLAND 
New Era Sales, Inc. 

890 Airport Pk. Rd, Suite 103 
Glen Burnie, MD 21061 
TEL: (410) 761-4100 
FAX: 410 761-2981 

Allied Electronics 

Columbia 

TEL: (410)312-0810 

Arrow/Schweber 

Columbia 

TEL: (410) 309-0686 

Bell Microproducts 

Columbia 

TEL: 410-720-5100 

Hamilton Hallmark 

Columbia 

TEL: (410) 720-3400 

Newark Electronics 

Hanover 

TEL: (410) 712-6922 
Wyle Electronics 
Columbia 

TEL: (410)312-4844 
Zeus, An Arrow Company 
TEL: (914) 937-7400 
TEL: (800) 52-HI-REL 

MASSACHUSETTS 
Harris Semiconductor 

* Six New England Executive Pk. 
Burlington, MA 01803 
TEL: (617) 221-1850 
FAX: 617 221 1866 
Advanced Tech Sales, Inc. 
348 Park Street, Suite 102 
Park Place West 
N. Reading, MA 01864 
TEL: (508) 664-0888 
FAX: 508 664 5503 
Allied Electronics 
Norwood 

TEL: (617) 255-0361 
Peabody 

TEL: (508) 538-2401 

Arrow/Schweber 

Wilmington 

TEL: (508) 658-0900 

Bell Microproducts 

Billerica 

TEL: 508-667-2400 
TEL: 800-552-4305 
Gerber Electronics 
Norwood 

TEL: (617) 769-6000 


Hamilton Hallmark 

Peabody 

TEL: (508) 532-9893 
Newark Electronics 
Marlborough 
TEL: (508) 229-2200 
Woburn 

TEL: (617) 935-8350 

Wyle Electronics 

Bedford 

(617) 271-9953 

Zeus, An Arrow Company 

Wilmington, MA 

TEL: (508) 658-4776 

TEL: (800) HI-REL 

Obsolete/Discontinued 

Products: 

Rochester Electronics 

10 Malcom Hoyt Drive 
Newburyport, MA 01950 
TEL: (508) 462-9332 
FAX: 508 462 9512 

MICHIGAN 

Harris Semiconductor 

* 27777 Franklin Rd., Suite 460 
Southfield, Ml 48034 
TEL: (248) 746-0800 
FAX: 248 746 0516 
Giesting & Associates 
34441 Eight Mile Rd., Suite 113 
Livonia, Ml 48152 
TEL; (248) 478-8106 
FAX: 248 477 6908 
Allied Electronics 
Grand Rapids 
TEL: (616) 365-9960 
Plymouth 

TEL: (313) 416-9300 

Arrow/Schweber 

Livonia 

TEL: (313) 462-2290 

Hamilton Hallmark 
Plymouth 

TEL; (313) 416-5800 
Newark Electronics 
Grand Rapids 
TEL: (616) 954-6700 
Saginaw 

TEL: (517) 799-0480 
Oak Park 

TEL: (248) 967-0600 
Troy 

TEL: (248) 583-2899 

Zeus, An Arrow Company 

TEL: (708) 250-0500 
TEL: (800) 52-HI-REL 

MINNESOTA 
Oasis Sales 
7805 Telegraph Road 
Suite 210 

Bloomington, MN 55438 
TEL; (612) 941-1917 
FAX: 612 941 5701 


Field Application Assistance Available 
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North American Sales Offices, Representatives and Authorized Distributors (Continued) 


Allied Electronics 
Minnetonka 
TEL: (612) 938-5633 
Bell Microproducts 
Eden Prairaie 
TEL: 612-943-1122 
Hamilton Hallmark 
Minneapolis 
TEL: (612) 881-2600 
Newark Electronics 
Minneapolis 
TEL: (612) 331-6350 
St. Paul 

TEL: (612) 631-2683 
Wyle Electronics 
Minneapolis 
TEL: (612) 853-2280 
Zeus, An Arrow Company 
TEL: (214) 380-4330 
TEL: (800) 52-HI-REL 

MISSISSIPPI 
Newark Electronics 
Ridgeland 

TEL: (601) 956-3834 

MISSOURI 

L-TECH Marketing, Inc. 

2414 Hwy. 94 South Outer Rd. 
Suite A 

St. Charles, MO 63303 
TEL: (314) 936-2007 
FAX: 314-936-1991 
Allied Electronics 
Earth City 

TEL: (314) 291-7031 
Arrow/Schweber 
St. Louis 

TEL: (314) 567-6888 
Hamilton Hallmark 
St. Louis 

TEL: (314) 291-5350 
Newark Electronics 
St. Louis 

TEL: (314) 453-9400 

Zeus, An Arrow Company 

TEL: (214) 380-4330 
TEL: (800) 52-HI-REL 

NEBRASKA 
L-TECH Marketing, Inc. 

1 Kings Court, Suite 115 
New Century, KS 66031 
TEL: (913) 829-7884 
FAX: 913-829-7611 

Allied Electronics 
Omaha 

TEL: (402) 697-0038 

Newark Electronics 
Omaha 

TEL: (402) 592-2423 

NEVADA 

Allied Electronics 
Las Vegas 

TEL: (702) 258-1087 


NEW HAMPHIRE 
Newark Electronics 
Nashua 

TEL: (603) 888-5790 

NEW JERSEY 
Harris Semiconductor 

* Plaza 1000 at Main Street 
Suite 104 

Voorhees, NJ 08043 
TEL: (609) 751-3425 
FAX: 609 751 5911 
Harris Semiconductor 

* 724 Route 202 
P.O. Box 591 
Somerville, NJ 08876 
TEL: (908) 685-6150 
FAX: 908 685-6140 
Tritek Sales, Inc. 

One Mall Dr., Suite 410 
Cherry Hill, NJ 08002 
TEL: (609) 667-0200 
FAX: 609 667 8741 
Allied Electronics 

E. Brunswick 
TEL: (908) 613-0828 
Mt. Laurel 

TEL: (609) 234-7769 

Parsippany 

TEL: (201) 428-3350 

Arrow/Schweber 

Marlton 

TEL: (609) 596-8000 
Pinebrook 

TEL: (201) 227-7880 

Bell Microproducts 
Clifton 

TEL: 201-777-4100 

Hamilton Hallmark 

Cherry Hill 

TEL: (609)424-0110 

Parsippany 

TEL: (201)515-1641 

Newark Electronics 

East Brunswick 

TEL: (908) 937-6600 

Wyle Electronics 

Pine Brook 

TEL: (201) 882-8358 

Zeus, An Arrow Company 

TEL: (914) 937-7400 

TEL: (800) 52-HI-REL 

NEW MEXICO 

Compass Mktg. & Sales, Inc. 

4100 Osuna Rd., NE, Suite 109 

Albuquerque, NM 87109 

TEL: (505) 344-9990 

FAX: 505 345 4848 

Alliance Electronics, Inc. 

Albuquerque 

TEL: (505) 837-2801 

Allied Electronics 

Albuquerque 

TEL: (505) 266-7565 


Hamilton Hallmark 

Albuquerque 

TEL: (505) 293-5119 

Newark Electronics 

Albuquerque 

TEL: (505) 828-1878 

Zeus, An Arrow Company 

TEL: (408) 629-4789 

TEL: (800) 52-HI-REL 

NEW YORK 
Harris Semiconductor 

* Hampton Business Center 
1611 Rt. 9, Suite U3 
Wappingers Falls, NY 12590 
TEL: (914) 298-0413 

FAX: 914 298 0425 
Harris Semiconductor 

* 490 Wheeler Rd, Suite 165B 
Hauppauge, NY 11788-4365 
TEL: (516) 342-0291 Analog 
TEL: (516) 342-0292 Digital 
FAX: 516 342 0295 
Foster & Wager, Inc. 

300 Main Street 
Vestal, NY 13850 
TEL: (607) 748-5963 
FAX: 607 748 5965 
2511 Browncroft Blvd. 
Rochester, NY 14625 
TEL: (716) 385-7744 
FAX: 716 5861359 
7696 Mountain Ash 
Liverpool, NY 13090 
TEL: (315) 457-7954 
FAX: 315 457 7076 
Parallax, Inc. 

734 Walt Whitman Rd. 
Melville, NY 11747 
TEL: (516) 351-1000 
FAX: 516-351-1606 
Alliance Electronics, Inc. 
Huntington 
TEL: (516) 673-1930 
Allied Electronics 
Amherst 

TEL: (716) 831-8101 

Great Neck 

TEL: (516) 487-5211 

Hauppauge 

TEL: (516) 234-0485 

Lagrangeville 

TEL: (914) 452-1470 

Rochester 

TEL: (716) 292-1670 
Syracuse 

TEL: (315) 446-7411 

Arrow/Schweber 

Farmingdale 

TEL: (516) 293-6363 

Hauppauge 

TEL: (516) 231-1000 


Melville 

TEL: (516) 391-1276 
TEL: (516) 391-1300 
TEL: (516) 391-1633 
Rochester 

TEL: (716) 427-0300 

Bell Microproducts 

Smithtown 

TEL: 516-543-2000 

Hamilton Hallmark 

Long Island 

TEL: (516) 737-0600 

Hauppauge 

TEL: (516) 434-7470 

Rochester 

TEL: (716) 272-2740 
Newark Electronics 
Wappingers Falls 
TEL: (914) 298-2810 

Latham 

TEL: (518) 783-0983 
Bohemia 

TEL: (516) 567-4200 

Williamsviile 

TEL: (716) 631-2311 

Pittsford 

TEL: (716) 381-4244 
Liverpool 

TEL: (315) 457-4873 
Wyle Electronics 
Long Island 
TEL: (516) 293-8446 
Rochester 

TEL: (716) 334-5970 
Zeus, An Arrow Company 
Pt. Chester 
TEL: (914) 937-7400 
TEL: (800) 52-HI-REL 

NORTH CAROLINA 
New Era Sales 

1215 Jones Franklin Road 
Suite 201 

Raleigh, NC 27606 
TEL: (919) 859-4400 
FAX: 919 859 6167 
Allied Electronics 
Charlotte 

TEL: (704) 525-0300 
Raleigh 

TEL: (919) 876-5845 

Arrow/Schweber 

Raleigh 

TEL: (919) 876-3132 
EMC/Kent ELectronics 
Charlotte 

TEL: (704) 394-6195 

Hamilton Hallmark 

Raleigh 

TEL: (919) 872-0712 
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North American Sales Offices, Representatives and Authorized Distributors (continued) 


Newark Electronics 
Charlotte 

TEL: (704) 535-5650 
Greensboro 
TEL: (910) 294-2142 
Raleigh 

TEL: (919) 781-7677 

Wyle Electronics 

Raleigh 

TEL: (919) 481-3737 
TEL: 800-950-9953 
Zeus, An Arrow Company 
TEL: (407) 333-3055 
TEL: (800) 52-HI-REL 

OHIO 

Giesting & Associates 

RO. Box 39398 
2854 Blue Rock Rd. 
Cincinnati, OH 45239 
TEL: (513) 385-1105 
FAX: 513 385 5069 
6324 Tamworth Ct. 
Columbus, OH 43017 
TEL: (614) 792-5900 
FAX: 614 792 6601 
6200 SOM Center Rd. 

Suite D-20 
Solon, OH 44139 
TEL: (216) 498-4644 
FAX: 216 498 4554 

Alliance Electronics, Inc. 
Dayton 

TEL: (513) 433-7700 
Allied Electronics 
Beachwood 
TEL: (216) 831-4900 
Cincinnati 

TEL: (513) 771-6990 

Worthington 

TEL: (614) 785-1270 

Arrow/Schweber 

Solon 

TEL: (216) 248-3990 

Centerville 

TEL: (937) 435-5563 

EMC/Kent Electronics 

Columbus 

TEL: (614) 299-4161 
Cleveland 

TEL: (216) 360-4646 

Hamilton Hallmark 

Cleveland 

TEL: (216) 498-1100 
Columbus 

TEL: (614) 888-3313 
Dayton 

TEL: (513) 439-6735 

Newark Electronics 

Cincinnati 

TEL: (513) 772-8181 


Columbus 

TEL: (614) 326-0352 
Dayton 

TEL: (513) 294-8980 
Toledo 

TEL: (419) 866-0404 
Youngstown 
TEL: (216) 793-6134 
Cleveland 

TEL: (216) 391-9330 
Wyle Electronics 
Cleveland 

TEL: (216) 248-9996 
Dayton 

TEL: (513) 436-9935 
Zeus, An Arrow Company 
TEL: (708) 595-9730 
TEL: (800) 52-HI-REL 

OKLAHOMA 
Nova Marketing 

8421 East 61 St Street, Suite P 
Tulsa, OK 74133-1928 
TEL: (800) 826-8557 
TEL: (918) 660-5105 
FAX: 918 357 1091 
Allied Electronics 
Tulsa 

TEL: (918) 250-4505 

Arrow/Schweber 

Tulsa 

TEL: (918) 252-7537 

Hamilton Hallmark 

Tulsa 

TEL: (918) 459-6000 
Newark Electronics 
Oklahoma City 
TEL: (405) 843-3301 
Tulsa 

TEL: (918) 252-5070 
Zeus, An Arrow Company 
TEL: (214) 380-4330 
TEL: (800) 52-HI-REL 

OREGON 

Northwest Marketing Assoc. 

4905 SW Griffith Drive Suite 106 
Beaverton, OR 97005 
TEL: (503) 644-4840 
FAX: 503 644-9519 
Allied Electronics 
Beaverton 

TEL: (503) 626-9921 

Almac/Arrow 

Beaverton 

TEL: (503) 629-8090 

Hamilton Hallmark 
Portland 

TEL: (503) 526-6200 

Newark Electronics 

Portland 

TEL: (503) 297-1984 


Wyle Electronics 
Portland 

TEL: (503) 598-9953 
Zeus, An Arrow Companyy 
TEL: (408) 629-4789 
TEL: (800) 52-HI-REL 

PENNSYLVANIA 
Giesting & Associates 

471 Walnut Street 
Pittsburgh, PA 15238 
TEL: (412) 828-3553 
FAX: 412 828 6160 
Allied Electronics 
Chadds Ford 
TEL: (610) 388-8455 
Harrisburg 
TEL: (717) 540-7101 
Pittsburg 

TEL: (412) 931-2774 

Arrow/Schweber 

Pittsburgh 

TEL: (412)327-1130 
800-529-0895 
Hamilton Hallmark 
Pittsburgh 

TEL: (800) 332-8638 

Newark Electronics 

Allentown 

TEL: (610) 434-7171 
Ft. Washington 
TEL: (215) 654-1434 
Pittsburgh 

TEL: (412) 788-4790 
Wyle Electronics 
Philadelphia 
TEL: (609)439-9110 

Zeus, An Arrow Company 

TEL: (914) 937-7400 
TEL: (800) 52-HI-REL 

SOUTH CAROLINA 
Allied Electronics 

Greenville 

TEL: (864) 288-8835 
Newark Electronics 
Greenville 

TEL: (803) 288-9610 

TENNESSEE 
Newark Electronics 

Knoxville 

TEL: (615) 588-6493 
Memphis 

TEL: (901) 396-7970 

Brentwood 

TEL: (615) 371-1341 

TEXAS 

Harris Semiconductor 
* 17000 Dallas Parkway, 

Suite 205 
Dallas, TX 76248 
TEL: (972) 733-0800 
FAX: 972 733 0819 


Nova Marketing 

8310 Capitol of Texas Hwy. 
Suite 180 
Austin, TX 78731 
TEL: (512) 343-2321 
FAX: 512 343-2487 
8350 Meadow Rd., Suite 174 
Dallas, TX 75231 
TEL: (214) 265-4600 
FAX: 214 265 4668 
Corporate Atrium II, Suite 140 
10701 Corporate Dr. 

Stafford, TX 77477 
TEL: (713) 240-6082 
FAX: 713 240 6094 
Allied Electronics 
Austin 

TEL: (512) 219-7171 
Brownsville 
TEL: (210) 548-1129 
Dallas 

TEL: (214) 341-8444 
El Paso 

(915) 779-6294 
Fort Worth 
(817) 595-3500 
Forth Worth 
(817) 595-6455 
Humble 

(713) 446-8005 

Arrow/Schweber 

Austin 

TEL: (512) 835-4180 
Dallas 

TEL: (972) 380-6464 
Houston 

TEL: (713) 647-6868 
Bell Microproducts 
Austin 

TEL: 512-258-0725 

Richardson 

TEL: 214-783-4191 

Hamilton Hallmark 

Austin 

TEL: (512) 258-8848 
Dallas 

TEL: (214) 553-4300 
Houston 

TEL: (713) 781-6100 
Newark Electronics 
Austin 

TEL: (512) 338-0287 
Corpus Christ! 

TEL: (512) 857-5621 
El Paso 

TEL: (915) 772-6367 
Houston 

TEL: (713) 894-9334 
San Antonio 
TEL: (210) 734-7960 


* Field Application Assistance Available 
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European Sales Offices, Representatives and Authorized Distributors 


European Sales 
Headquarters 
Harris Semiconductor 
Mercure Center 
Rue de la Fusee 100 
B-1130 Brussels, Belgium 
TEL: 32 2 724 21 11 
FAX: 32 2 724 2205/...09 

AUSTRIA 
Avnet E2000 

Waidhausenstrasse 19 
A -1140 Vienna 
TEL: 43 1 911 28 47 
FAX: 431 911 38 53 
EBV Elektronik 

* Diefenbachgasse 35 
A -1150 Vienna 
TEL: 43 1 89 41 774 
FAX: 43 1 89 41 775 
Spoerle Electronic 
Heiiigenstadterasse 50-52 
A -1190 Vienna 

TEL: 43 1 360 46-0 
FAX: 43 1 369 22 73 

BELGIUM 

ACAL 

Lozenberg 4 
B -1932 Zaventem 
TEL: 32 2 720 59 83 
FAX: 32 2 725 10 14 
EBV Spoerle Electronic 

* Keiberg II 
Minervastraat, 14/B2 
B-1930 Zaventem 
TEL: 32 2 725 46 60 
FAX: 32 2 725 45 11 
EBV Elektronik 

* Excelsiorlaan 35B 
B -1930 Zaventem 
TEL: 32 2 716 00 10 
FAX: 32 2 720 81 52 

DENMARK 
ArroW'Exatec A/S 

Mileparken 20E 
DK-2740 Skovlunde 
TEL: 45 4492 7000 
FAX: 45 4492 6020 
Avnet Nortec A/S 
Transformervej, 17 
DK - 2730 Herlev 
TEL: 45 4488 0800 
FAX: 45 4488 0888 
EBV Elektronik 
Ved Lunden 9 
DK-8230 Abyhoj 
TEL: 45 86 25 04 66 
FAX: 45 86 25 06 60 
EBV Elecktronik 
Gladsaxevej 370 
DK - 2860 Soborg 
TEL: 45 39 69 05 11 
FAX: 45 39 69 05 04 


Independent Electronic 
Components 

Poppelskellet 2 
DK-2000 Frederiksberg 
TEL: 45 3645 1206 
FAX: 45 3645 1205 

EASTERN COUNTRIES 
GRADER Friedhelm 

Richard-Reitzner-Allee 4 
G-85540 Haar 
TEL: 49 89 462 63 110 
FAX: 49 89 462 63 149 
Spoerle Electronic 
Charkovska 24 
CZ-10100 Praha 10 
Czechoslovakia 
TEL: 42 2 73 13 54 
FAX: 42 2 73 13 55 

Spoerle Elektronic 

ul. Domaniewska 41 
PL-02672 Warszawa 
Poland 

TEL: 48 22 60 60 447 
FAX: 48 22 60 60 348 

FINLAND 
Arrow Field OY 

NIittylantie 5 
FIN-00620 Helsinki 
TEL: 358 9 777 571 
FAX: 358 9 798 853 
Avnet Nortec OY 
Italahdenkatu, 18 
FIN-00210 Helsinki 
TEL: 358 9 61 31 81 
FAX: 358 9 69 22 32 6 
EBV Electronics 
Pihatorma 1A 
SF - 02240 Espoo 
TEL: 358 9 855 77 30 
358 9 855 77 90 
FAX: 358 9 855 04 50 
Harcomp Electronics OY 
Syvalahdentie 79 
SF - 51200 Kangasniemi 
TEL: 358 59 432031 
FAX: 358 59 432367 

FRANCE 

Harris Semiconducteurs 
* 2-4, Avenue de I'Europe 
F - 78941 Velizy Cedex 
TEL:33134654080(Disty) 

TEL: 33 1 34 65 40 00 (Sales) 

FAX; 33 1 39 46 40 54 (Sales, Rnan) 
FAX: 33134 65 09 78 (Sales) 
Arrow Electronique 
73 - 79, Rue des Solets 
Silic 585 

F - 94663 Rungis Cedex 
TEL: 33 1 49 78 49 78 
FAX: 33 1 49 78 06 99 


Avnet EMG 

* 79, Rue Pierre Semard 
RB. 90 

F-92322 Chatillon Sous Bagneux 
TEL: 33 1 49 65 27 00 
FAX: 33 1 49 65 25 39 
CCi Electronique 

* 12, Allee de la Vierge 
Silic 577 

F - 94653 Rungis 
TEL: 33 1 41 80 70 00 
FAX: 33 1 46 75 32 07 
EBV Elektronik 
3 rue del la Renaissance 
92184 Antony cedex 
TEL: (33) 1 40 96 30 00 
FAX: (33) 1 40 96 30 30 
SEI/3D 

Z.I. des Glaises 
6/8 Rue Ambroise Croizat 
F - 91127 Palaiseau 
TEL: 33 1 64 47 29 29 
FAX: 33 1 64 47 00 84 

GERMANY 

Harris Semiconductor 

* Richard-Reitzner-Allee 4 
D-85540 Haar 

TEL: 49 89 462 63 0 
FAX: 49 89 462 63 133 
Harris Semiconductor 
Kieler Strasse 55-59 
D-25451 Quickborn 
TEL: 49 4106 50 02-04 
FAX: 49 4106 6 88 50 
Harris Semiconductor 
Kolumbusstrasse 35/1 
D - 71063 Sindelfingen 
TEL: 49 7031 8 69 40 
FAX: 49 7031 87 38 49 
Ecker Michelstadt 
In den Dorfwiesen 2A 
Postfach 33 44 
D - 64720 Michelstadt 
TEL: 49 6061 22 33 
FAX: 49 6061 50 39 
Erwin W. Hiidebrandt 
Nieresch 32 

D - 48301 Nottuln-Darup 
TEL: 49 2502 2300 30 
FAX: 49 2502 2300 18 
FINK Handelsvertretung 
Laurinweg, 1 
D - 85521 Ottobrunn 
TEL: 49 89 609 7004 
FAX: 49 89 609 8170 
Hans Fiogel 
Kielerstrasse 31b 
D-25451 Quickborn 
TEL: 49 4106 50502 07 
FAX: 49 4106 68850 




Hartmut Welte 

* Traubenweg 7 

D - 88048 Friedrichshafen 
TEL: 49 7544 72555 
FAX: 49 7544 72559 
Avnet/E2000 

* Stahlgruberring, 12 
D - 81829 Miinchen 
TEL: 49 89 4511001 
FAX: 49 89 45110129 
EBV Elektronik 

* Ammerthalstrasse 28 
D-85551 Kirchheim- 
Heimstetten 

TEL; 49 89 99 11 40 
FAX: 49 89 99 11 44 22 
Indeg Industrie Elektronik 
Emil Kommerling Strasse 5 
D - 66954 Pirmasens 
Postfach 1563 
D - 66924 Pirmasens 
TEL: 49 6331 51700 
FAX: 49 6331 9 40 64 
Sasco Semiconductor GmbH 

* Hermann-Oberth Strasse 16 
D - 85640 Putzbrunn 

TEL: 49 89 46 11-0 
FAX: 49 89 46 11-270 
Spoerle Electronic 

* Max-Planck Strasse 1 -3 
D - 63303 Dreieich-bei- 
Frankfurt 

TEL: 49 6103 304-8 
FAX: 49 6103 3044 55 

GREECE 
EBV Electronik 
Anaxagora Street 1 
GR-17778 Travros (Athens) 
TEL: 30 1 34 14 300 
FAX: 30 1 34 14 304 
Semicon 
104 Aeolou Street 
GR -10564 Athens 
TEL: 30 1 32 53 626 
FAX: 30 1 32 16 063 

ISRAEL 

Aviv Electronics 
Hayetzira Street, 4 Ind. Zone 
IS - 43651 Ra’anana 
PO Box 2433 
IS - 43100 Ra’anana 
TEL: 972 9 748 3232 
FAX: 972 9 741 6510 

ITALY 

Harris Semiconductor 

* Viale FulvIoTesti, 126 
1-20092 CInisello Balsamo, 
(Milan) 

TEL: 39 2 262 22 21 31 (Italy) 
TEL: 39 2 262 07 61 (Rose) 
FAX: 39 2 262 22 158 (Rose) 


SEMICONDUCTOR 
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Avnet EMG 

Centro Direzionale 
Via Novara, 570 
1-20153 Milano 
TEL: 39 2 38 19 01 
FAX: 39 2 38 00 29 88 
Claitron 

Via Enrico Fermi, 8 
I - 20090 Assago (Ml) 

TEL: 39 2 457 841 
FAX: 39 2 488 02 75 
EBV Elektronik 

* Via C. Frova, 34 

I - 20092 Cinisello Balsamo 
TEL: 39 2 660 96 290 
FAX: 39 2 660 170 20 
FG Microdesign 
Via A. Simoni 5 
1-4001 Anzola Dell’Emilia 
TEL: 39 51 73 20 95 
FAX: 39 51 73 24 91 

Lasi Elettronica 

Viale Fulvio Testi 280 
1-20126 Milano 
TEL: 39 2 661 431 
FAX: 39 2 661 01385 
Silverstar CELDIS 
Viale Fulvio Testi 280 
1-20126 Milano 
TEL: 39 2 661 251 
FAX: 39 2 661 013 59 

NETHERLANDS 

Acal 

* Beatrix de Rijkweg, 8 
NL - 5657 EG Eindhoven 
TEL: 31 40 250 2602 
FAX: 31 40 251 0255 
EBV Elektronik 

* Planetenbaan, 2 

NL - 3606 AK Maarssenbroek 
TEL: 31 346 58 30 10 
FAX: 31 346 58 30 25 
Spoerle Electronic 

* Coltbaan 17 

NL - 3439 NG Nieuwegein 
(Utrecht) 

TEL: 31 30 609 1234 
FAX: 31 30 603 5924 
Spoerle Electronic 
Postbus 7139 
De Run 1120 
NL - 5605 JC Eindhoven 
TEL; 31 40 230 99 99 
FAX: 31 40 253 5540 

NORWAY 

Arrow-Tahonic 

Sagveien 17 

RO. Box 4554, Torshov 

N-0404 Oslo 

TEL: 47 22 37 84 40 

FAX: 47 22 37 07 20 


Avnet Nortec A/S 

Box 123 

N -1364 Hvalstad 
TEL: 47 66 84 62 10 
FAX: 47 66 84 65 45 

PORTUGAL 
Am itron-Arrow 

Quinta Grande, Lote 20 
Alfragide 

P - 2700 Amadora 
TEL: 351.1.471 48 06 
FAX: 351.1.471 08 02 

SOUTH AFRICA 
Allied Electronic 
Components 

10, Skietlood Street 
Isando, Ext. 3,1600 
RO. Box 69 
Isando, 1600 
Transvaal 

TEL: 27 11 392 3804/. . .19 
FAX: 27 11 974 9625 
FAX: 27 11 974 9683 

SPAIN 

Elcos 

c/Avda Europa, 30 1 B-A 
SP 28224 Pozuelo de 
Alarcon/Madrid 
TEL: 34 1 352 3052 
FAX: 34 1 352 1147 
Am itron> Arrow 
Albasanz, 75 
SP - 28037 Madrid 
TEL: 34 1 304 30 40 
FAX:34 1 327 24 72 
EBV Elektronik 
* Centro Empresarial Euronova 
Ronda de Poniente, 

4 Ala Derecha 

1A Planta, Officina A 
SP - 28760 Tres Cantos 
Madrid 

TEL: 34 1 8 04 32 56 
FAX: 34 1 8 04 41 03 

SWEDEN 

Harris Semiconductor 
Centralvagen, 12 
S-171 44 Solna 
TEL: 46 8 270 660 
FAX: 46 8 270 656 
Arrow TH:s 
Box 3027 
Arrendevagen 36 

5 - 16303 Spanga 
TEL: 46 8 36 29 70 
FAX: 46 8 761 30 65 
Avnet Nortec AB 
Englundavagen 7 
P.O.Box 1830 

S-171 27 Solna 
TEL: 46 8 629 1400 
FAX; 46 8 627 0280 


EBV Elektronik 

Derbyvagen 20 
S-21235 Malmo 
TEL; 46 40 59 21 00 
FAX; 46 40 59 21 01 

SWITZERLAND 
Avnet E2000 

Boehirainstrasse 11 
CH - 8801 ThalwiI 
TEL: 41 1 7221330 
FAX: 41 1 7221340 
Basix 

Hardturmstrasse 181 
CH-8010 Zurich 
TEL: 41 1 2 76 11 11 
FAX: 41 1 2761234 
EBV Elektronik 

* Vorstadtstrasse, 37 
CH - 8953 Dietikon 
TEL: 41 1 745 61 61 
FAX: 41 1 741 51 10 
Guidici Mauro O&T GmbH 
Florastr 34 

CH-8610 Uster 
TEL: 41 1 9943290 
FAX: 41 1 9943291 
Spoerle Electronic 
Cherstrasse 4 

CH-8152 Opfikon-Glattbrugg 
TEL: 41 1 874 6262 
FAX: 41 1 874 6200 

TURKEY 
EBV Electronik 
Bayar Cad. Gulbahar Sok No 17 
Perdemsac Plaza D; 131-132 
TK-81090 Kazyatagl/lstanbul 
TEL: 90 216 463 1352/3 
FAX: 90 216 463 1355 
EMPA 

Besyol Londra Asfalti 
TK - 34630 Sefakoy/lstanbul 
TEL: 90 212 599 3050 
FAX: 90 212 599 3059 

UNITED KINGDOM 
Harris Semiconductor 

* Riverside Way 
Watchmoor Park 
Camberley 
Surrey GU15 3YQ 
TEL: 44 1276 686 886 
FAX: 44 1276 682 323 
Laser Electronics Ltd. 
Ballynamoney 
Greenore 

Co. Louth, Ireland 
TEL: 353 4273165 
FAX: 353 4273518 
Complementary Technologies 
Comtech House 
28 Manchester Road 
Westhoughton 
Bolton 

Lancs, BL5 3QJ 
TEL: 44 1942 851 800 
FAX: 44 1942 851 808 


Stuart Electronics 

Phoenix House 
Bothwell Road 
Castlehill, Carluke 
Lanarkshire ML8 5UF 
TEL: 44 1555 751572 
FAX: 44 1555 750028 
Arrow Jermyn 
St Martins Business Centre 
Cambridge Road 
Bedford MK42 OLF 
TEL: 44 1234 270027 
FAX: 44 1234 214674 
Avnet Access 
Jubilee House 
Jubilee Road, Letchworth 
Hertfordshire SG6 1QH 
TEL: 44 1462 480888 
FAX: 44 1462 488567 
EBV Elektronik 
EBV House 

7 Frascati Way, Maidenhead 
Berkshire SL6 4UY 
TEL: 44 1628 783 688 
FAX: 44 1628 783 811 
Electronic Services 
Edinburgh Way., Harlow 
Essex CM20 2DF 
TEL: 44 1279 626777 
FAX: 44 1279 441687 
Farneil Components 
Sales, Mktg & Admin Center 
Canal Road, Armley 
Leeds LSI2 2TU 
TEL: 44 1132 790101 
FAX: 44 1132 311706 
lEC Micromark Electronics 
Boyn Valley Road 
Maidenhead 
Berkshire SL6 4DT 
TEL; 44 1628 76176 
FAX; 44 1628 783799 
Hoilybank 
13 Burn Bridge Oval 
Burn Bridge, Harrogate 
North Yorkshire, HG3 1LR 
TEL: 44 423 871553 _ 

Harris Semiconductor 
Chip Distributors 
Die Technology 

Corbrook Rd., Chadderton 
Lancashire OL9 9SD 
TEL: 44 161 626 3827 
FAX; 44 161 627 4321 
TWX; 668570 
Rood Technology 
Test House Mill Lane, Alton 
Hampshire GU34 2QG 
TEL: 44 1420 88022 
FAX: 44 1420 87259 
TWX: 21137 


* Field Application Assistance Available 
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Asian Pacific Saies Offices, Representatives and Authorized Distributors 


AUSTRALIA 

Avnet VSI Electronics Pty Ltd. 

Unit C 6-8 Lyon Park Road 
North Ryde NSW 2113 
TEL: (612) 878-1299 
FAX: (612) 878-1266 
BBS Electronics Australia 
Unit 24, 5-7 Anella Avenue, 
Castle Hill, NSW, 2154 
PO Box 6686 

Baulkham Hills, NSW, 2153 
TEL: 612-8945244 
FAX:612-8945266 

CHINA/HONG KONG 
Harris Semiconductor 
China Ltd 

* Room 3005 88 Tong Ren Road 
Shanghai, 20040 China 

TEL: 86-21-6247-7923 
FAX: 86-21-6247-7926 
Harris Semiconductor 
China Ltd. 

* Unit 1801-2,18th Fioor 
83 Austin Road 
Tsimshatsui, Kowloon 
TEL: (852) 2723-6339 
FAX: (852) 2724-4369 
Edal Electronics Co., Ltd. 
Room 911-913, Chevalier 
Commercial Centre, 

8, Wang Hoi Road, 

Kowloon Bay, Kowloon 
TEL: (852) 2305-3863 
FAX: (852) 2759-8225 
Golden Way Electronics 
(HK) Ltd. 

Unit11,33/F 
Wharf Cable Towers 
9 Hoi Shing Road, 

N.T Hong Kong 
TEL: (852) 2499-3109 
FAX: (852) 2417-0961 
Lucas Trading 
Unit A, 8F 

88 Hung To Road, Kwun Tong 
Kowloon, Hong Kong 
TEL: 852-3044023 
FAX: 852-3040065 
Means Come Ltd. 

Room 1007, Harbour Centre 
8 Hok Cheung Street 
Hung Horn, Kowloon 
TEL: (852) 2334-8188 
FAX: (852) 2334-8649 
Sunnice Electronics Co., Ltd. 
Flat F, 5/F, Everest Ind. Cir. 

396 Kwun Tong Road 
Kowloon 

TEL: (852) 2790-8073 
FAX: (852) 2763-5477 


Array Electronics Limited 
24/F Wyler Centre, Phase 2 
200 Tai Lin Pai Road 
Kwai Chung 

New Territories, Hong Kong 
TEL: (852) 2418-3700 
FAX: (852) 2481-5872 
inchcape Industrial 
10/F, Tower 2, Metroplaza 
223 Hing Fong Road, 

Kwai Fong 

New Territories, Hong Kong 
TEL: 852-2410-6555 
FAX: 852-2401-2497 

INDIA 

Intersil Private Limited 

Plot 54, SEEPZ 
Marol Industrial Area 
Andheri (E) Bombay 400 096 
TEL: (91) 22-832-3097 
FAX: (91) 22-836-6682 
Graftec Elec 
49 J.C. Road 
Bangalore 560002 
TEL: (91) 80 223 3346 
FAX: (91) 80 222 6490 
Graftec India 
No 143 Lakshmi Building 
R.V. Road, V.V. Puram 
Bangalore 560004 
Karnataka 

TEL: (91) 80-661 1095 
FAX: (91) 80-222 6490 
BBS Electronics (India) Pvt Ltd 
309 Richmond Tower 
No 12, Richmond Road 
Bangalore 560025 
TEL: (91) 80-221-7912 
FAX: (91) 80-227 8043 
S M Creative Electronics Ltd 
10 Electronic City 
Sector 18, Gurgaon 122015 
Haryana 

TEL: 91 124 342 137/237/1551 
FAX: 91 124 236 or 
91 11 622 8474 

INDONESIA 
P.T. Siiicontama Jaya 
Jalan A.M. Sangaji No 15 B4 
Jakarta Pusat 
TEL: (62) 21-345 4050 
FAX: (62) 21-345 4427 
SELC Sumber Elektronic 
JL Jend A Yani #298, 

Bandung 40271 
TEL: (62) 22-706-056 
FAX: (62) 22-703-622 


JAPAN 
Harris K.K. 

* Kojimachl-Nakata Bldg. 4F 

5- 3-5 Kojimachi 
Chiyoda-ku, Tokyo, 102 Japan 
TEL: (81) 3-3265-7571 

FAX: (81) 3-3265-7575 
Hakuto Co., Ltd. 

1- 1-13 Shinjuku Shinjuku-ku 
Tokyo 160 

TEL: 81-3-3355-7615 
FAX: 81-3-3355-7680 

Jepico Corp. 

Shinjuku Daiichi Seimei Bldg. 

2- 7-1, Nishi-Shinjuku 
Shinjuku-ku, Tokyo 163 
TEL: 81 3-3348-0611 
FAX: 81 3-3348-0623 
Macnica Inc. 

Hakusan High Tech Park 

1- 22-2, Hakusan 
MIdori-ku, Yokohama-shi, 
Kanagawa 226 

TEL: 81 45-939-6116 
FAX: 81 45-939-6117 
Micron, Inc. 

DJK Kouenji Bldg. 5F 
4-26-16, Kouenji-Minami 
Suginaml-Ku, Tokyo 166 
TEL: 81-3-3317-9911 
FAX: 81-3-3317-9917 
Okura Electronics Co., Ltd. 
Okura Shoji Bldg. 

2- 3-6, Ginza Chuo-ku, 

Tokyo 104 

TEL: 81 3-3564-6822 
FAX: 81 3-3564-6870 

Takachiho 

2- 8,1 Chrome, Yotsuya 
Shinjuki-Ku, Tokyo 
160 Japan 

TEL: 81 3-3355-6695 
FAX: 81 3-3357-5071 
Takumi Shoji Co 
3 Maruzen Bid, 6F 

6- 16-6 Nishi Shinjuku, 
Shinjuku-Ku, Tokyo 160 
TEL: 813-3343-9605 
FAX: 813-3343-9624 

AUTOMOTIVE REP/DISTRI 
Continental Far East Inc. 

3- 1-5 Azabudai 
Mlnatoki, Tokyo 106 
TEL: 81-3-3584-0339 
FAX: 81-3-3588-0930 


Mitsuiwa Shoji Co., Ltd. 
Namikibashi Bldg. 

3-15-8 Shibuya 
Shibuya-Ku, Toyko 150 
TEL: 81 3-3407-2181 
FAX: 81 3-3407-1472 
Nissei Electronics Ltd. 

Hitachi Atago Bldg. 

2- 15-12 Nishi-Shimbashi 
Minato-Ku, Tokyo 105 
TEL: 81 3-3504-7921 
FAX: 81 3-3504-7900 

KOREA 

Harris Semiconductor YH 
* RM #419-1 
Korea Air Terminal Bldg. 

159-6, Sam Sung-Dong, 

Kang Nam-ku, Seoul 
135-728, Korea 
TEL: 82-2-551-0931 
FAX: 82-2-551-0930 
H.B. Corporation 
Rm #1409, 

Seocho World Officetel, 
1355-3, Seocho-Dong, 
Seocho-Ku, Seoul 137-020 
TEL: 82-2-3472-3450 
FAX: 82-2-3472-3458 
Graftec Korea 
Room #611, Yongsan 
Electronic Offetel, 16-548 

3- Ga Hankang-Ro, 
Youngsan-Gu, Seoul 
TEL: 822-715-8857 
FAX: 822-715-8859 
Inhwa Company, Ltd. 

Room #305, Daegyo Bldg., 56-4, 
Wonhyoro 3GA, 

Young San-Ku, Seoul 140-113 
TEL: 822-703-7231 
FAX: 822-703-8711 
Kumoh Electric Co., Ltd. 
203-1, Yoido-Dong, 

Young Duing Po-Ku, Seoul 
TEL: 822-782-9393 
FAX: 822-782-9388 
Segyung Techcell Co., Ltd. 
Dansan Nonhyun Bldg., 270-45 
Nonhyun-Dong, 

Kangnam-Ku, Seoul 135-010 
TEL: 822-515-7477 
FAX: 822-515-8889 

MALAYSIA 

BBS Electronics (M) Sdn Bhd 

Lot 2-01, Wisma Denko 
41, Lorong Adu Siti 
10400 Penang 
TEL: (604) 228 0433 
FAX: (604) 228 1710 




SEMICONDUCTOR 
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SALES OFFICES 






Asian Pacific Saies Offices, Representatives and Authorized Distributors (continued) 


NEW ZEALAND 
Arrow Components (NZ) 
Limited 

19 Pretoria Street 
PO Box 31186 
Lower Hut 

TEL: (64) 4 570 2260 
FAX: (64) 4 566 2111 

PHiLIPPiNES 
Uraco Technoiogies 
Phiiippines Inc. 

Unit 12A/310 Project J.R Rizal 
St. Project 4 
Quezon City, 1109 
TEL: (632) 922 2250 
FAX: (632) 922 8709 


SINGAPORE 

Harris Semiconductor Re Ltd. 
* #1, Tannery Road 09-01 
Cencon 1, Singapore 347719 
TEL: 65-748-4200 
FAX: 65-748-0400 
BBS Electronics Pte, Ltd. 

1 Genting Link 
#05-03 Perfect Indust. Bldg. 
Singapore 1334 
TEL: (65) 748-8400 
FAX: (65) 748-8466 


TAIWAN 

Harris Semiconductor 
* Room 823, N. 144, Sec. 3 
Ming Chuan East Road 
Taipei 10464, Taiwan, R.O.C. 
TEL: (886) 2-716-9310 
FAX: (886) 2-715-3029 
Applied Component Tech. 
Corp. 

8F No. 233-1, Pao-Chia Road 
Hsin Tien City, Taipei Hsien, 
Taiwan, R.O.C. 

TEL: (886) 2 9170858 
FAX: (886) 2 9171895 


Galaxy Far East Corporation 

8F-6, No. 390, Sec. 1 
Fu Hsing South Road 
Taipei, Taiwan 
TEL: (886) 2-705-7266 
FAX: (886) 2-708-7901 
TECO Enterprise Co., Ltd. 
10FL., No. 292, Min-Sheng W. 
Rd. 

Taipei, Taiwan 
TEL: (886) 2-555-9676 
FAX: (886) 2-558-6006 

THAILAND 

Electronics Source Co., Ltd. 
138 Banmoh Rd. 

Pranakorn, Bangkok 10200 
TEL: 66-2-2264145 
FAX: 66-2-2254985 


Have you tried Harris' AnswerFAX24~Hour On-Demand Product information Service? 

(407) 724-7800 

GIVE US A CALI _Harris’ toll-free number is 1-800-4-HARRIS (1-800-442-7747). You can request literature, 

get information on sales locations, or be connected to our Central Applications Group. 

SEE US ON THE NET ... Harris’ home page Is http://www.semi.harris.com or E-mail our Central Applications 
Group at centapp@harris.com for Technical Assistance. You’ll find product information, design software, 
information on what’s new and much, much more. There are over 1,000 documents (datasheets, application 
notes, etc.) loaded with an easy-to-use search engine. 



For complete, current and detailed technical specifications on any Harris devices, please contact the nearest 
Harris sales, representative or distributor office. Literature requests may also be directed to: 

Harris Semiconductor Data Services Department 
P.O. Box 883, MS 53-204 
Melbourne, FL 32902 
TEL: 1-800-442-7747 FAX: 407-724-7240 


* Field Application Assistance Available 
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